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NEW BOOKS OF SCIENTIFIC INTEREST 


M. RosBinson. 
$20.00. Johns 


Excavations at Olynthus. Davip 
Part II. xxii+155 pp. Mlustrated. 
Hopkins Press. 


The second volume in a series concerning the re- 
cent excavations at Olynthus, dealing, in particular, 
with architecture and sculpture, describing the 
houses and other buildings, with special chapters on 
loom weights and on lamps. About two thirds of the 
volume consists of half-tone photographs. 


The Education of Children. 
pp. $3.50. Greenberg. 


Dr. Adler here tries to impress upon the parent the 
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great need for care in the education and mental gui- 
the 


necessity for an understanding and appreciation of 


dance of children. He stresses in particular 


the inner life of the child. 


An Elementary Course in General Physiology. G. 
W. Soarru and F. E. Luoyp. xxi+258 pp. LIllus- 
trated. $2.75. John Wiley & Sons. 


This book is designed as an introduction to the 
study of physiological mechanism in plant and ani- 
mal life. It analyzes in terms of physical and col- 
loidal chemistry the general properties and behavior 
of cells. 


Stuff. 
trated. 


PAULINE G. BEERY. Illus- 


$5.00. 


xiii + 504 pp. 
D. Appleton & Company. 


This story of materials in the service of man is a 
popular survey of chemistry which attempts to show 
how the history of man and of civilization is merely 
that of the chemist, harnessing the various materials 
of nature to his service. 

Tobacco, WALTER L. MENDENHALL. 69 pp. $1.00. 
Harvard University Press. 

This brief volume discusses the various aspects of 
the tobacco problem, and presents the facts about 
tobacco in so far as they rest on scientific evidence. 
Statistical tables are included. The book is based on 
a popular lecture given at the Harvard Medical 
School last year. 

The Revolt against Dualism. ARTHUR O. LOVE- 
JOY. xii+325 pp. $4.00. W. W. Norton & Com- 
pany. 


The purpose of this volume is to present, through 
the reflection of a generation of philosophers in 
America and Great Britain, the main points that have 
been brought forward in the debate as to the ex- 
istence of dualism. 








Man and the Universe. Hans Driescu. 172 pp. 
$1.75. Richard R. Smith. 

The author presents for the first time in the En- 
glish language his complete philosophical system, 
which is based on the results of science. This book 
may be considered as an introduction to his larger 
works. 





The New Evolution. Austin H. C1 
297 pp. Illustrated. $3.00. Williams 
Company. 

The author here attempts to pres 


new view of the evolution of life and of 
tion to the living world. To this new 


more sweeping evolution he gives the nar 


esis.” 
Oil Fields in the United States. Watz 
WIEBE. x+629 pp. Illustrated. $6.00 
Hill Book Company. 

This book aims to describe in a svier 
the oil fields of the United States. Bas: 


form of classification called the “ tectoni 
tion,” it sets forth all the geological det 
important area. 


Reflex Action. 
pp. Illustrated. 
pany. 








FRANKLIN FEARING. 
$6.50. Williams & W 


It is the purpose of this study in tl 
physiological psychology to trace the dey 


the reflex arc concept and to record th: 





of the phenomena which the theory was 
render intelligible. 
Environmental Basis of Social Geograph: 
HUNTINGTON and FRep A. 
pp. Illustrated. $4.00. Prentice-Hall 
This book attempts to give a 
the material on this subject, based 
view-point that geography is concerned w 
ciprocal relations between man and his er 
There are 138 maps and illustrations 


CARLSON 


new org 


on 


Matter and Radiation. JouHn Buckin 
+144 pp. Illustrated. $3.00. Oxford 
Press. 


The author has endeavored to set down 
an outline of the theory of radiation and | 
of the properties and uses of infra-red. T! 
has avoided technical language throughout 
College Botany. Gerorce B. Rigg. xviii 
Illustrated. $4.00. Lea & Febiger. 


A botanical text for college students wri 





the view-point of the relation of botany 


education. The functional view-point is e: 


and the historical method of approach is oft: 


Science and the Scientific Mind. Lro F 
and WARREN E. Gisss. xiv+506 pp. $3 
Graw-Hill Book Company. 


The editors have collected a group of twen't 
essays. Their purpose is to give an underst : 
of the scientific mind, to clarify the meaning of » 


tific method and to present several of the ef 
science on culture. 
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OUR RAINFALL: HOW IS IT FORMED 
AND WHAT BECOMES OF IT? 


By Dr. GEORGE FRANCIS McEWEN 


0 OF oO 


INTRODUCTIOD vions Sit 
ERIC moisture Is carried from CCeall as a 
an over the land, precipitated in ‘ tl ! 
; ] t! buted l Thes 
rm ot rain or snow, returned as shorts . af 
to the ocean and evaporated into  Sented DY the J vi 
thus completing the ‘water \ 


distribution of water in the at 


sphere, the ocean and the land ts a 


mentary aspect of cyclical change \ 
Before considering details of the proce 
sses involved in this water cycle some But the cor s 1 s ! 
ve figures will be presented to indi Capcsea ter al ma S 
occurrence and distribution of ©?! ts ai : 
in the sea, the atmosphere, over wate! sts 
irth’s surface and within the geo COLT ICS a PUA Ur 
o strata. Some idea of the amount pnerie cir D 
in the ocean is revealed by the hogs or clouds, 7 
that the salt. if separated from the cipitated as I ; si \it 
iter, would form a layer nearly fifty tation a large proportion ret 
irds deep over the whole surface of thie Om t! ! ! . 
int The volume of water in the sea Thus compte = Ul tel 
even times that of all land above sea vl 
vel and is approximately three hum ‘ - 
red and twenty-seven million cubie 
miles, or one eleht hundredth that of the 
earth. While water occurs mainly in the n cons 
an it permeates the atmosphere in the different process 
orn of vapor, clouds and fog In addi Vater cv 
tion to its visible occurrence in lakes and = atmosphet 
reservoirs, large amounts are distributed — to tl regio out ti ; () 
throughout the soil even down to a Averages of many 1 . 
depth of thousands of feet in some r of wind al baromet! 
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WINTER SCENE IN THE HIGH SIERRAS 


MvtUcu OF THE WATER FOR POWER, IRRIGATION AND DOMESTIC USE COMES 





WHICH AC MULATES AT HIGH ELEVATIONS 
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DETERMINING THE PROBABLE WATER EQ! 


I] S ( 

i hieh pressure area about a the 1) 
sand miles west of San Francisco and a hirls al 

pressure area over the Aleutian re South P 
gion. Winds blow out spirally from the ect 

eh in a clockwise direction and blow i dred on 

spirally toward the low in a counte! summe! 
‘loockwise direction. From late winter t Along bot! 


summer the high moves northward and COASTS 


farther from the coast It also increases are 1) 

n intensity and area and the prevailing which ext 
inds become steadier and stronger equatol 

The Aleutian low is especially well «ce and ext 


eloped in winter and disappears in aecompat 


summer. South of the equator the developme 
nds are clockwise about a low and = as 15° F 
ounter-clockwise about a hig! A chart for tl 
f average winds indicates a line of Certan 
‘convergence’”’ (a line toward which air The pres 
flows from both sides, usually accon Pacific ¢ 
panied by a flow parallel to the lin sidered 
between the high and low. It is direeted = and 


toward Vancouver in winter and toward — rule on-s| 
central Alaska in summer. <An equa precip 
torial line of convergence in the doldrum = dry. P 


region is equally prominent, and lies blowing 
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ne muel mousture Lines of 
ergence have 
The Pacific 


South America has rain at all 


abundant rainfall 
(C‘oast State oft 
nd is in the doldrum line of 


ence. Farther northwards, 


ast from Panama to Guatemala, 
") per cent. ol the 
iring the 

October The 


rontier located in the 


precipitation 


northern 


ind region Is practically arid thro 


it the vear, and 


north of 
tending as far as Vancouver 


winter is the rainy 


season. ¢ 


higl 


ponding to the chanwes in the 


‘W The coasts ot 


Britisl 


asons 


] 
aioneg 


about 
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this ree 
Islay (| 
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rv} 


orre 


acl 
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six-month period from May 
Mexican 


off-shore tr 


ana 


Columbia 


nad Southern Alaska have muel rain 


vear but most of it 
winter when the frequency ol evel 
rms is greatest 

In addition to these r 
iriations 


there are diff 
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eular seCasoO 


(Colomb a 
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SYPHON IN* THE LOS ANGELES MUNICIPAL AQUEDUCT 
I . PHON IS A PART OF THE AQ rHAT SUPP Ss Lo \ ? | 
‘ FROM O s La 240 4 AN rh oO 
ALLONS I Ave i 


(‘ONDITIONS ESSENTIAL TO PRECIPITATION 


On the there are about five 


parts of water vapor per thousand parts 
oft 


averagve 


aur by weight, and the higher the tem- 
the the 


ot water 


perature evreater 1S possible 


amount atmospheric vapor. 


This invisible vapor when cooled suf- 
ficiently condenses. forming foes or 
clouds Minute particles, ions, dust, 


are distributed 
the act 
nuclei which greatly facilitate this con- 


The 


ete whiel 


throughout 


widely 


atmosphere, as 


densation densest clouds contain 


about five grams of water per cubie 
meter of air. An average amount would 
be near one gram of water per cubic 


meter of air or about one part 


sand by weight Further co 

hecessary To produce precipi 
These drops of water may be as mi 
two or three millimeters in dian 


Accordingly conditions essential 


cipitation are primarily conditions 


cool the atmosphere, which is a mixt 


of air and water vapor. This e 
may be brought about by mixtur 
relatively cold air, by a flow towa 


gions of higher latitude where 
tively lower temperature prevails, 
rising and expanding as the press 
decreases. In the atmosphere the 
process of ‘‘adiabatic expansion’ is 
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CoolNnYg 


most 


aveney 
Ae 


the 


Important 
wing clouds and precipitation. 


lv, it IS Important to study 


tions that cause a rapid rise of air 


APH AND CYCLONKI RAIN AND 


PoLAR FRONT THEORY 


. STORMS 


ery good example of certain cond 


s that cause raln Is 


afforded by the 


moist ocean winds blowing to tl 
vest from the Indian Ocean and 
ne to the northeast across the 


bian Sea and the Bay of Bengal dur 


the northern summer. These mon 


vinds pass over a warm ocean pat! 


four thousand miles in leneth and 


moisture at a rela 


Wherever they 


slopes ol 


Inia 


saturated with 


v high temperature 


directed against steep 


stal mountain chains in there 
s heavy precipitation, called orographic 
ise of the topographie factor. The 
is deflected 


slopes with sufficient velocity to produce 


upward along these 


rapid fall in temperature which causes 


Where the winds deseend 


( Ipitath if 








A MUNICIPAL 


POWER Is 


HYDROELECTRI! 


DERIVED FROM THE FA OF 


STORAGE RESERVOIRS THIS PLA Is 
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RAINFALL 


over the warm 
up any avallable 


tation 


IS Impossit 





If the air current is stable (dens 
decreases at a greater than Vel 
as the |! vyiit increases s s 
up a slope the surroundn r is 
ind thus ascent resis | 
tend to flow ! i! DS s 
than to cont ipward. This 
Why oftentimes ti s 
tion does not ratt ) 
tain. but at some ! rl I 
Air warmed trom b S 
pens in winter her ‘ 
Than The sea ‘ stab ! 
rainfall is ti t) ‘ (>) 
hand, whet 
Is often the case summe! 
inshore water belt ( 
eoast, a toca rs 1 ! 
but orograplhl ! s ! 

A different b rv importa E 
tion producing rapid updri 
independently topograp 
develops at as lsconti 

, ne , , 


separat ne 


\) } 
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same leve By means of a very clos = 
network of stations in Norway, Professor 
Bjerknes found that warm winds con 
verging toward colder winds rise above 
the colder air and their moisture is con 
densed just as if the warm air were 
rising up mountain slopes. There is con 
vincing evidence that polar and equato 
riai alr meet at a surface of disconti 
nuity which intersects the surface of the 
earth and sea in a wavy line extending 
entirely around the earth at about 50 
Z 
north latitude but departing hundreds 
of miles on either side of this average Ptigaipayrrec saya 
| VECHANITICS \Ii 
position. Highs and lows result from CYCLO? 
INES 
the separation of loops forming in this | - a 
line of discontinuity or ‘‘ polar front.”’ OF 0 OPPO 
The weather of the northern hemi 
> J 
nen ao ae ages” 
io enema <= =~ 
~~ AStr — =— ==" 
\Sceagu Sarna ae Cold air 
sid air Pe T; I + 
Ui 
, 
Gold 
—~ Iv” 
ee ee cee ee oe es ee es we ee oe ee oe oe a =p 5 
== ee ne 
a _ Mw (lent) = tSt-35" = > 
Sa GR — - — ~~ Sy 
fel an et” Warm air Warm si saane Cold air 
bn p- — - — -— - Soar —> | 
h ? 
ll = 300 Am 500 Am 
Fic. 2 PRINCIPAL FEATURES OF MOVING CYCLONES 
AN All ASS OF OLD ORIGIN IS SEPARA ) FROM ONE OF WA ORI 1 D 
SURFA OUGH TI CI ; I NED A ANC OF l 7) 
SIDI (THARA( ERISTIs CLO ) Ss PI cll ATIO AREAS AND PRO 
SHOWN ‘ i} VO VERTICA S ONS r \ oO oO S 
i} VARM ¢ RRE>S AS SHO ARRO Oo oO ( 

















ill move to the right of an 
okKIng along the line in the dir 
iM Thus there is an ascent « 


R 


~ rise i ~ 
te. t} x } ? ? T | } } 
ntier bet fn masses t 
SSeS ) l ! l ne nt 
~ ~ i?) essernt } nt } 
reulation Wary ir fi 
y the surtace of tT! rth ana 
t ‘ subti Pik o ~ t vara 
regions, ¢ol ntrating Ww 
) oN and ( TI? line rit Tihs 1 
ns at The uppet ) x a | re t « 
| later reaches thy r levels. Tl 
sses of ed al Cll ate bel 
polar front ane se it to adval 
thware Finally t places of 
sistance vreat masses Old all bre 
rough and are expelled in the di 
; aot Tive trop ~ } ~ ren Tx ] 
rthward ret ‘ the polar 
! vl I thie Process Ss repeat 
reovel tHhic intermi‘ t «nualit 
renera iTmospherie circulatiol 
specially echaracterist thre ve 
Sol yhen marked dts ntinulties 
. surface tempel ires preval 
A\ suceession of eve storms Tl 
ops Trom alterations I tl p 
nt, and thev travel from west to « 
ne tracks vVhicl apy ! aS lines 
nvergence in charts tf monthiv ay 
s The structure f one of the 
clones 1S essential] s follows 
es. 1 and 2 There is a warm se 
ess than a quarter of the total a 
nd lvine to the south: this air flows 
counter-cloc¢kwise direction andi is « 
fected upward over the cold air at 1 
ht (the observer is assumed to be f 
er to the nortl The eold an 
lows in a counter-clockwise direct 
nd forces the warm air upward at ft 
It of thre Warm se ! Bot! t 
Indaries of the warm sector are ! 
convergence According tf hval 
ivnamie theory a_ line f eonverge 
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HIGH VOLTAGE POWER LINES 


IYDROELE¢ 


| CTRICAL ENERGY GENERATED IN 


the earth’s rota 


There is at first an interchange of 


flecting roree due to 


tion. 
warm and cold air causing a transforma- 
tion of potential into kinetic energy 
Which changes later inte potential en 
the death of 


clone as indieated in Fie. 3 


ergy resulting in the ey 


Both the irregular and seasonal north 


and southward displacement of the 
polar front result in a corresponding 
migration of the storm tracks, and the 


position and intensity of the North Pa- 
cific high determines how far south these 
eyclonic storms reach the North Ameri- 
ean coast. Finally, the sea surface 
temperatures determined by solar radia- 
tion, evaporation and the varying ocean 
currents are a fundamental control of 
the highs. Thus we are led to regard the 
ocean and overlying atmosphere as 
parts of a complex mechanism driven by 
the sun’s energy and obeying the laws of 


physies. 





rRIC POWER PLANTS I 0 \ 


WATER 


ro SEA 


THe Return FiLow ot 
LAND 


Precipitation Varies er “atly hot} 





respect to geographic location and ti 
and may be in the form of rain or s1 
A combination of such variability w ; 
a corresponding variety of topograp 

features, types of soil and veget: 
results in a great diversity of ru 
A part of the 
artificial reservoirs, some 
the 


water, 


water collects in lakes 
penetrates 
earth’s surface forming er 
and s 


All 


conditions raise Important problems 


evaporated 


Some iS 


flows directly into the sea 
forestry, agriculture and water-sup] 
engineering. 

The great economic Importance ol 
taining an adequate understanding 
hvdrology, which includes the variati 
in rainfall intensity and their causes a) 
the 


off. is especially recognized by enveine 


relation between rainfall and r 
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in extensive Inundations of highly (") a Was ; 

ped valleys thought to be property OOO) s na ~ o OS 

ted bv flood control systems | ~ 1OS9 lhis , 
- disasters have awakened publhie yhont OO nel ‘ 

tion of the national character | m the p station 1-4) 


tal question ot tlox ad ¢ ntrol The } is reg ' eS 
rrance oft adequat« re ris Of 1 ! S O ‘ 
nal il ft mal Tile ( oradinat } Thal at 
ter] retation IT such ai j re ! t 1 “ 
istratedad DY T » CHSC Vp ~ 
West - e , 
ral wArizol vhel rail . 
. , , 
n-off habits are irregular and iil 
’ re is along (Jueen Creek a dran order to pl | SS I 
rea of 148 square miles having a} reduce S . 
precipitation ot fittee) inches topeh es S y . 
run-o IS as hit as UOOO second suitable t . 
? 7 +} ] } ? | 1 igiit ’ ri? 
- ‘ hig fiood. Dut the annua avel ada ‘) ‘ 
r s onlv fifteen second feet In co variabilitv of the rut 
— :; = 
st to this condition the maXimum ru The vat Xe I MIS “ 

















ONE OF THE EDISON COMPANY'S HYDROELES mc PLANTS 
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INSULATED CLOSING WATER-BOTTLE AND THERMOGRAPH FOR RECO 
OCEAN TEMPERATURES : 
AFTER THE OPEN INSULATED ATER BO E IS SI DOWN TO THE DES 
BY RELEASING A WEIGHT WHICH SLIPS ALONG THE CAB ‘ s 
MEDIATELY AFTER HAULING THE BO E UP OUT OF 1 O 
SHELTER) AT THE END OF THE Scripps INSTITUTION ’S P ORDS BO s 
TEMPERATURES. 
by purely economic considerations can Owing to the interconnection 
not be solved without a proper basis oceans and the oceanic circulat 


supplied by investigations of the cause- 
and-effect 


relation between rainfall and 


run-off, and sueh studies must include 


the range of conditions influencing rate, 

sequence and continuity of the various 
the 

topics 


involved in rain 
Other of 


importance are solar radiation, atmos- 


natural processes 


producing eycle. 
pheric circulation, evaporation, expan- 


sion, cooling condensation, deposition, 


percolation, stream flow and the aeccre 


tions or losses sustained en route 


run-off from the land ultimately b 


distributed over the whole surtace 
Thus led to 


process ot evaporation whic i 


Sea. we are cConsich 


the water Cy cle. 


WATER AN 


SURFACES 


EVAPORATION FROM 
Although complementary to pre 
of 


much less dependable informatio 


tion and equal importane: 


Chis is b 


the rate of evaporation 











~ ! ! l }l }) ~ 
rea made, wi evap 
st be ceTermined naires \ ron 
hservations mad hi sles 
equipment kor examp 
servaTtlonus ron pan must t) 
by special methods in order t 
evaporation from a neighb 
r reservoir Although man 
rs ave worked on the prob 


etermining the rate of evapora 


ikes anel reservoirs discordat 


ts have been reached, owing to 11 
ifticulties and to lack of time 
ta thorough rational investiga 
suitable technique Empirical 


ls were used and there was neither 
agreement as to the relation of 
poration to that of a large bods 
er nor as to the method of esti 
y evaporation from meteorological 
lati Even less satisfactory informa 
is been obtained about ocean 
poration, owing not only to certain 
bservational difficulties peeular to a 
ne ship, but also to laek of a ra 

nal method of interpreting the obser 
s. Available observations indicat: 
ite of about 2.7 feet per vear from thi 

s There is also evaporation from thr 
. vhich under different conditions 


es from about 20 per cent. to 90 per 





that from a water surface 





| | spite of the need of a clear under 
standing of the physies ol evaporatiol 
L ognized by engineers, geologists 
teorologists and oceanographers, no 
estigation of the subject, leading te 
sfactory results, had been carried out 

re 1920 \lr. Cummings, then assis 

n physical oceanography at th 
Scripps Institution, undertook to make 
eritical study of the problem of evapo 
to This investigation begun at the 
Scripps Institution led to cooperative 
rk at the California Institute of Teel 
ogy a few vears later by Messrs 
Cummings, Bowen Richardson and 


Montgomery 
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INSULATED WATER-BOTTLE OPEN 
zenith, whieh position corresponds to the 
shortest path, and when the air is elear 
and dry there is a reduction to about 90 
sub 
the 


and a departure from the zenith 


per cent. by absorption. Foreign 


stances, ineludine water in 


vapor 
alr, 
position reduce the amount still more, 
and dense cloud masses cut off all the 
radiation. 


It 


from lakes as a process controlled by 


is natural to regard evaporation 


atmospheric conditions, such as air tem 
perature, and This 
view, then shared by Cummings, was not 


wind humidity. 


supported by an extensive statistical 


analysis which he made for the purpose 
of isolating the effects of various factors 


influencing evaporation. In particular, 


READY TO LOWER INTO THI \ 


a very weak correlation was 
between evaporation and humid 
that there 


phis sical 


concluded must be a 


mental reason for this 


pected result. 


Accordingly, it was decided to 


new beginning and attack the eva; 
tion problem from the standpoint 
first law of thermodynamics. This 
vestigation led him to the cone 


that anv change in wind or humidit: 
always accompanied by a change in 
temperature which partially neutra 
the direct effect on the evaporation 
to be expected from the original ch: 
the 


received from the sun remains const 


in atmospheric conditions, if 


Making use of the principle that 
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INSTRUMENTAL EQUIPM 





rate at which energy is removed b mprovement 
evaporation must equal thr difference Irom a the 
between the rate at which energy is” I. S. Bow 
supplied by solar radiation and lost b: of Techn 
back radiation corrected for heat storag heat cari 

n the water, Dr. Cummines formulates rusing init 
an approximate equation Tor computing ‘arried off by 
the evaporation from a_ lake Further {xtens 

| mm 

| 

~ a 

‘S5 

ie 





SCRIPPS INSTITUTION’S PIER VIEWED FROM 


rill 


SOT 
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SCRIPPS 


INSTITUTION'S 


Mr. 


containers of 


Burt Richard- 


various 


Dr. Cummines and 


son, using’ sizes, 


proved the correctness of the equation, 


thus modified, and led to a rational and 


accurate procedure for determining the 


evaporation from a lake. 
During the progress of these investi- 
general 


gations | was applying to the 


problem of evaporation the principle of 


equating appropriate rates of energy at 
These 


investigations led to a mathematical for 


each level in the body ot water. 


mulation and solution of the problem of 
the diffusion of the 
and 


downward surtace 


cooling due to evaporation back 


the 
By means of the theory 


radiation and heating caused by 
solar radiation. 
thus developed, the rate of surface cool- 
ing and the rate at which solar radiation 
penetrates the surface can be estimated 
from serial temperature and _ salinity 
With the help of results 


outlined above the effeet on surface cool 


observat ions. 


factors other than evaporation 
Thus 


sults of this cooperative undertaking is 


ing of 


ean be eliminated. one of the re- 


to provide a possible method of estimat- 


ing evaporation from the sea. 


LIBRARY, 
AND 


MUSEUM, 





LABORATORY Bl 


ILDINGS 
PIER 
(‘ONCLUSION 


While a good deal of 


been obtained regarding the 


informatio! 
water « 
there are many deficiencies as to det 
and there is room for much progress 
carried on tor 


theoretical stuclies 


purpose of understanding the phys 


laws and interpreting the observati 


Moreover, we have the fundamenta 
strumental designs and theoretical 
nique for making quantitative estin 
of the processes that combine to mak: 


the water evele, but there is need 


applying them to an extent comn 


surate with the importance of this \ 
world-wide phenomenon. 
In the the 


safety of our public works approp1 


interest of economy 


observations should be made, having 
mind the need of continuity as we 
the great cumulative value of the le 
of records. All pertinent data should 
assembled, coordinated, interpreted 
made available. It is only by prog 
in this direction that engineers can s 
the various problems that arise in wo! 
ing out the design of projects invol\ 


flood eontrol or water supply 
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THE ANCIENT LIFE OF YUMA 
ARIZONA 


By Dr. ROY L. MOODIE 


\ SEARCH Tor the ¢ adences Of disease One tas 

anelent times and amonye ancient Ol pateopat! 

itures often leads me into interesting tell what is o 0 
ces The scenes are visioned not investigation 

as they eXIST to-day but modified by suspected realms of 

» mental concept ol what they were 1n oft such thine’s as pi 
tiquity, when the creatures we know creatures, the s 

WwW only from hard, dried bones were in the East \! 
imals of flesh and blood, subject to tions, are | 
nfluences to which living creatures aré probably find 


nsitive Thing 





COUNTY, 














THE SCIENTIFIC MONTHLY 





























— 
> age 
2 —<— 











- 


“aa . 


























1AMMOTH: 
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ERVICAI 


OCALITY SHOWN IN 


or 480 MM 


VENTRAL SUR 


OSSIFICATION 


NITION AS Spondylitis 


THE MOs’ 


FACE OF 


OF THI 


ON THE ARTICt AR S 


ONDITION THAT THI 


A casual 


his having seen a curiously 


series ot 


moth led me to secure 
specimen for study. 
Fig 


pathological bone formed such a domi 


such an object 


nant amount of the structure. 
ately I saw the series of 
oughly coosified, at once I knew that a 
scientifie treasure had 


light. 


remark 


cervical 


Closer study revealed a combina 


tion of difficulties. 


proboscidean not only had a stiff neck, 


but also a 


had so changed the articular surfaces of 


‘*wryneck,’’ 





COOSSITFIED NECK 


vertebrae 
and that probably 


Inquiry showed ft] 


he understood was ; 
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FIG. 4 
fre] ! mpera LEID FRO rH 
\ Ss MUSEU) THE ANIMA AD A HEL 
Oo AS \ LA HE DISEASED BONES 858 
BE SO }ARDED . I 


In order not to lose too much time in un- 
dlirected search along the escarpment of 
the Gila River Valley, we went in seareh 
Norton, 
was foreman of a group of men clearing 
Sinee it 


of the discoverer, Charlie who 
brush in the valley near Roll 
was late in the day we arranged a meet- 
ing for early the next morning, and our 
party delightful desert 
camp in the brush near Ralph’s Mill on 


made a most 
the automobile highway. 

The next 
through the trackless brush to the notch 

Fig, 2 
vears before Charlie Norton 
discovered the cervical 
had given to Mr. Doan. 
bone, evidently mammalian and _ possi- 
bly proboseidean, and a fragment of the 


morning we made our way 
in the escarpment, where eight 
Fig. 1) had 
series which he 


A few scraps ot 


plastron of a river tortoise, were discov- 
ered in the search made along the escarp- 
Figs. 1 and 2 Whatever of the 
had this 
deposit had long since been 


ment 


mammoth been entombed in 


secondary 


remoy ed. 








A SKELETON OF A LARGE MAMMOTH 


10 4 BREA } Ss. AS MO 


Later at the roadside station 
we found the upper two thirds of 


The o 


sticking out of 


mammoth humerus. 
said he had 
bank, evidently near the spot where t 
We | 


also of the discovery of the greater 


large 


seen it 


neck bones had been found 


of a huge skull, some years before, w 
had 


saw 


been broken up for souvenirs 


also part of a shoulder-blad 


surmised that 
o 


sing 


part of the pelvis. | 
these represented a 
vidual, 
gested an imperial mammoth, thoug! 


parts 


and the size of the bones s 


are still unable to prove this elassit 
tion. 

All evidence tended to show that 
moved and seconda) 


bones had been 


entombed, since all the pieces whic! 
saw were broken and rounded as if ro 
by water for some distance. 

The mammoths were the largest ot 
there were se\ 


North Ame 


Rema ‘ 


proboscideans, and 
species which existed in 


during the glacial period 




















ANCIENT LI! SOF YUMA COUNTY \RIZON 
ri ' ’ Me 4 | 
ound m U isp pits t 
i Bi T s Ang RS P; 4 1epn 
conditions are ral mong t! 
moths, thoug! not neo} , 
the smaller mastodons J 
mastodons and 1 Mm?) 2 ’ e 
anions during the Pleistocen ' 7 
s not surprising that in the loos + ' 
tus of the upper plateau in the tow! ‘ 
Yuma Mr. Doan found fragments ot 
t seems to be a small mastodon (Fig } , \ 
Although the head of the pro hy 
scideans is huge, yet it is very lhght or 4 
suse of the immense number of air wieehie’ via ; 
aces between the brain case and the though s - 
ter skull table Mastodons have pre placers 
ously been recorded from Arizona by A side trip te ais 
“ None of these shows diseas determined age ithin 
O. P. Hay, ‘‘The Pleistocen the West icc: ta Gal ait fede 
Region of North America and its Verte and stieks were so thoro 
d Animals,’’ Pub cation No 22 B. Car as to ring like steel when 
gie Institution of Washington This records 
following fossil animals from Arizona = - 
Mammoths, pp. 25, 41, 45; mastodons, p. 10; p. 114. On | 
western horse, p. 54; pe \ ‘ 
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Pictographs 
jects for discussion. but none of 


what the figures meant They 


Fie. 9) furnisl 


tl 


have been pecked into the irreey 


faces of an abrupt but rapidly d 


erating basalt cliff. 
bearing pictures or parts of 
are falling from the eliff. and 


Fragments o 


pole 


1? 
! 


vears these interesting relics will b 
The ancient life of Arizona is 


ne 


known, and | have been actuated 


desire to iInerease the records 


b 


this brief account of what I hav 
The following list of publica 


lates, in part, the seientifie source 


formation coneernine ancient 


Arizona: 


Bryan, Kirk 


1925. The Papago Country, Ar 
Geological Survey W 


Paper, No. 499. 


On pages 68-69 are given J. W. 


— 


Smithsonian Institutior repo 
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SOME ASPECTS OF THE CHEMISTRY OF 
GREEN LEAF CELLS 


By Dr. HUBERT BRADFORD VICKERY 


IN the summer of 1853 two young 
men, a German of twenty-seven and an 
American of twenty-three, met in Erd- 


The elder 


was Erdmann’s laboratory assistant ; the 


mann’s laboratory in Leipzig. 


younger was a student who was spending 
a few months learning the methods of 
chemical analysis before proceeding to 
Munich to study under Liebig. Although 
it is not at all obvious that the meeting 
ot two young men seventy-seven years 
ago in a German laboratory should have 
any particular significance, it is one of 
my objects to show that the ultimate ef- 
fects of this event are of considerable im- 
portance to-day. One of the young men 
was Heinrich Ritthausen; the other was 
Samuel William Johnson. 

Johnson had long entertained the view 
that the application of science was essen- 
tial to the further development of agri- 
culture. His experience in Germany 
confirmed this idea, and the develop- 
ment of the system of agricultural ex- 
periment this country is 
largely traceable to his efforts. 
founded with 


stations in 
These 
institutions were the ob- 
jects of promoting scientific agriculture, 
of protecting the public from fraud and 
scientific re- 
America 


of fostering fundamental 
search. The first of them in 
was established on a preliminary basis in 
Connecticut in 1875. A reorganization 
was made two years later, and Johnson 
became the director. Although the finan- 
cial resources of the new institution were 
almost microscopic at first, all three of 
the objects of experiment station work 
were worthily fulfilled. In 1887 an Act 
of Congress, the Hatch Act, granted fed- 
1A lecture delivered at the Carnegie Insti 
tution of Washington, D. C., April 30, 1930. 
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eral funds ror the express pur} 


supporting original scientific in 
tions in experiment stations. This 
mitted an enlargement of their act 
and it is significant that one of tl 
projects undertaken at the Conn 
station was an investigation of veg 
proteins. 

In order to account for this let us 
the 
other young man of the German 
tory. Ritthausen in 1854 became 
tor of the agricultural experiment 
tion at Méckern, 
work was being conducted of 


sider for a moment career ol 


near Leipzig, w 


suftic 
vive rise to several art 


interest to 
from S. W. Johnson’s pen in the ¢ 





try Gentleman for 1854 Ritthaus 
later worked at Waldau and at Pop) 
dorf and, finally (1873), was appoint 


professor of chemistry in the univer 

at Konigsberg, where he remained unt 
his retirement in 1899. In 1872 he p 
lished a slim volume? of some 250 pas 
astonisl 


in which was deseribed an 


amount of original investigation o1 
proteins of vegetable seeds. 

These investigations were little app 
ciated at the time of their appeara: 
either in Germany or in this count: 
but the 
their value was S. W. Johnson, in N 


among few men who reall 


Haven. At that time little could 
done, but the accession of funds at 
Connecticut Experiment Station, | 
eause of the passage of the Hatch A 


made it possible to begin investigati 
the lines out by R 


Accordingly, in 1888, Johns 


along pointed 


hausen. 


2H. Ritthausen, ‘*‘ Die Eiweisskorper 
Getreidearten, Hiilsenfriichte und Olsam: 
Bonn, 1872. 
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suggested to his assistant and son-in 
law, Thomas B. Osborne, that a study ot 
the nitrogenous substances in plant seeds 
should be undertaken. The report of the 
director for 1589 carries the terse state 
ment: ‘** Much time has been given by Dr. 
the 


matters contained in the kernels of maize 


Osborne to a study of nitrogenous 


and oats.’’ In the following year the 
first of Osborne’s papers on the proteins 
of vegetable seeds appeared, the begin- 
ning of a series of papers on proteins 
and allied subjects that extended in un 
broken sequence for thirty-eight years. 
The interest that Ritthausen had aroused 
the student 


years in Europe thus bore extraordinary 


in Johnson’s mind during 


fruit. 

It is not my present purpose to discuss 
Osborne’s long-continued investigations 
of the vegetable proteins, important and 
significant as these may be. I may draw 


attention, however, to one interesting 


point. As was the ease with Ritthausen 


in Germany, little attention was at first 


paid to Osborne’s work even by his chem- 


that 
Was 


ist friends; but the compliment 
had paid to Ritthausen 
gracefully returned by Germany when 
1897, translated all 


-Johnson 


Griessmayer, in 
Osborne’s papers that had appeared up 
to that time and published them in book 
form with the object, as he stated in his 
preface, of ‘* bringing to light these trea- 
sures hidden in the American journals.’’ 

This spiritual encouragement was fol- 
1904 by encouragement of a 
more substantial nature when the Car- 
negie Institution of Washington 
its initial grant of funds to support Os- 
Since that date 


accustomed to look 


low ed in 
made 


borne’s investigations. 
those who are 
through the year book of the institution 
few pages in 


found each 


which the progress of his studies of the 


have year a 
vegetable proteins has been briefly re- 


ported. Taken together these reports 


V. Griessmayer, =” Die Proteide der Getreide 
arten, Hiilsenfriichte und Olsamen, sowie einiger 
Steinfriichte,’’ Heidelberg, 1897. 
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deseribe one oft the MmiOST eXT?I 


accomplishments of Ameriean b 


istry. It iS work upon wl le} 


modern science of nutrition 
founded. 
It is my purpose to discuss it 
one phase only of Osborne’s im 
tions; it is a phase in which he was 
cially interested during the last 
his life, and it led to the 
the 


now engaged. 


studies 
which laboratory he organ 
The development of the vitami 
pothesis about fifteen vears ago, in 
Osborne and Mendel, with the suppo 
the Carnegie Institution, were larg 
strumental, drew the attention of 
tigators to the enormous importan 
‘little things’’ Wher 
mals were restricted to a diet con yy 
fat, 


inorganie 


in nutrition 
of purified carbohydrate, pri 
nutritional fa 


salts, 


and 


and serious organie disturbances 


sulted, unless small addenda consist 
of cell material or cell extracts were su 
plied. Such knowledge as was availab 
showed that the active principles in thes 
were In only minut 


addenda present 


amounts. These observations focused 
tention upon the extremely limited 
ture of the available information on 
chemical composition of cells and et 
phasized the necessity of thorough im 
tigation of them. <A field of 1 
search was thereby revealed. The 

complishments of the past ten years shi 
that this type of work is extraordinat 
fruitful. 
Sir F. Gowland Hopkins’ 


broad 


It is necessary only to refer 

discovery 

glutathione in yeast and to the results ¢ 
the intensive investigation of the tub 
culosis bacillus now being carried or 
this country to illustrate my meat 
Mendel’s 


shown that 


Osborne and feeding exp 


had 


valuable 


} 


green lea 


those hig 


ments 
SOUrCeS ot 


were 


potent nutritional principles, the 


mins. This observation was the mort 
teresting since green leaves form ali 


the entire food of many animal spec 








112 THE 


it would therefore appear that in them 


nature had provided an adequate diet 
known to con 


Leaves have long been 


tain proteins The precipitate that sep 
arates when leaf juices are heated was 
hundred and forty 
like the 


heating egg 


recognized a years 


ago to be very coagulum pro 


and was 
‘‘albumin,’’ a that re- 


The Germans were 


dueed by white 


designated name 
calls this similarity. 
even more specific with their designation 
** Kiweiss.’”’ 


Although 


ascertain 


many attempts have been 


made to how much protein 
leaves contain, the problem is one that is 
still unsolved. The leaf proteins are en- 
closed within cell walls which 
ruptured before all the protein can be 


This is extremely difficult to 


must be 


extracted. 
do, thoroughly, on a sufficiently large 
amount of material. The cell contains 
enzymes that rapidly convert one con- 
stituent into another. The activity of 
these enzymes can not be suspended dur- 
ing the operations of grinding and ex- 
tracting the protein; accordingly one can 
scarcely hope to find unaltered cell pro- 
tein in such extracts. Furthermore, the 
cell contains a large number of non-pro- 
tein constituents, of known and of un- 
known nature, from which the protein 


must be separated in order to obtain 


preparations that even roughly approxi- 
In short, in the leaf one is 


mate purity. 
faced with a condition of physiological 
activity totally different from that en- 
countered in the seed. The proteins of 
seeds are reserve stores of food that are 
not called upon until growth of the em- 
bryo takes place. As laid down in the 
seed they have considerable chemical sta- 
bility and, consequently, can be ex- 
tracted and isolated with 
relatively pure form. But the leaf pro- 
tein is one of the reagents in the complex 


some ease in 


series of chemical events that is recog- 
nized as life. What part it plays in 
metabolism is unknown, but certainly it 
has something to do with the delicate 


SCLEN TIFT 


MONTHLY 


chemical and physicochemi 
Within the cell 
These 


tempts to 


considerations 
isolate the 
from one 


will-o’ 


vreen leaf are, 
the pursuit of a 
highs improbable that 
timately secured and, wit 

triumph, labeled green leat 
identical with the stuff that s! 
reactions of the cell IS @) 
that the 


homogeneous chemieal entities 


tain preparations 


other hand, from such prey 
much can be learned of the comp 
ture of cell reactions and muel 
the value of green leaves as ani 
Consequently, in spite of the ma 
certainties involved, Osborne* att 
about ten years ago to isolate thy 
teins of spinach and alfalfa leaves 
recognized the desirability ot dise 
ing as much as possible about the cor 
sition of some single, but typical, ce 
material, in the hope that the infor 
tion might lead to generalizations 
the subject of cell composition. HH: 
that 


secured 


ized, however, worth-while res 


could be only after suit 


methods for such investigations had b 
developed, and, as the work has gon 
it has become increasingly clear that 
crux of the whole problem is this 
tion of methods. 

Large quantities of leaves wer 
oughly disintegrated by grinding re] 
The 


then subjected to pressure in a hydr: 


edly in a suitable mill. pulp 
In this way a clear fluid, th 
diluted juice of the cell, 
tained. When this was treated wit! 
cohol, a precipitate separated that 


press. 


eould be 


mainly a mixture of proteins and 
ganic salts. This precipitate was treat 
in various ways with the object ot 
Osborne and A. J. Wakeman, // 

1920; T. B. Osborne, A. J. W 


Leave nworth, J. Biol. Ci 


+T. B. 
Chem., 42: 1, 
man and C, 8. 
63, 1921. 
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toplasnil 


amount in the case of alfalfa was very — the solubility of the 


cy 
small and amounted only to the equiva occur, aS a result of which it bec 


lent of 0.25 per cent. of the leaf solids creasingly difficult to dispers: 
and 0.56 per cent. of the leaf nitrogen stance into colloidal solutio: 
It was clear that very little if any of the ing with water 
leal protein occurs dissolved in the vacu The results of the work on th: 
ole fluid. The bulk of the protein must of green leaves have been, on tl! 
therefore be present in the jelly like cV- decidedly disappointing The 
toplasm that had not passed through the — of preparing representative sai 
cell walls. The presseakes were thor- them are almost insuperabli 
oughly ground with the addition of a lib- method that has vet been dey 
eral amount of water; the coarser par I suggested a few moments ago 
ticles were strained out on fine silk, and little evidence that the material 
the turbid aqueous suspension was fil- and labeled is indeed the substai 
tered on a thick pad ot paper pulp. A plays So vital a part in the act 
clear vellow-brown solution was secured the cell. But there are few prob 
Which, when treated with a very small leaf cell chemistry more important 
amount of dilute acid, yielded a copious — the investigation of these substance 
precipitate of protein. The precipitate Such evidence as we have beet 
was removed, dissolved in a little alkali, secure indicates that physiologic: 
reprecipitated by neutralization and tive leaf proteins are distinetly 
then extensively washed by alcohol and — in their solubility relations from t! 
ether which removed small amounts of ter known seed proteins The 
impurities. It contained 16.25 per cent cid composition, however, so 
of nitrogen and gave all the reactions of has been ascertained. presents 1 
proteins. distinctive. All the amino aeids t! 
This preparation represented a much known to be essential in nutrition 
more clearly defined entity than did the present in liberal amounts, and the 
material secured from alfalfa juice by nutritive value of these proteins 
alcohol precipitation. It is that part of fore receives some rational expla 
the cytoplasmic protein that passed into [ pointed out a little while age 
solution during the grinding operations. these investigations had their o1 
There were grounds for supposing, part from the observation that gr 
therefore, that it represented a part, at = material displays a very marked \ 
least, of the protein of the eytoplasm in potency. Numerous experiments 
a not extensively altered condition. extracts of alfalfa leaves showed t! 
Time is an important factor in success vitamin B potency appeared 
with this type of work. If the leaf resi- water-soluble non protein fraction 
due is allowed to stand a few hours be is, In the solution which represents 
fore working up, the yield is greatly re vacuole content of the cells. This 
duced, while if twenty-four hours elapse servation furnished a stimulus ft 
only negligible amounts of protein can examination of the leaf cell extract 
be obtained. The protein actually se- gave rise to the investigations that 
eured under the best conditions repre- now being actively continued 
sents little more than a fifth of the prob The investigation of green 
able amount in the tissue. The great re- tracts has been a matter of concern 
duction in yield brought about by delay some quarters for many years 
in the grinding operations renders it chief figure in the older literatur 
likely that rapid post-mortem changes in Schulze, the discoverer of arginit 








vlalanin A\ 

papers shows tha 

ted in the distributior 

es In nature ra 

i investigation of a 

Nevertheless, from Sel 

and from those of later investiga 

a fairly clear idea may be obtained 
nature of the substances that 

to be found in a given leaf extract 

neral, nitrogenous bases of four 
types are present, whiel 


l 1d 


ehly classified, for practical 
Oses, according to the differs — 
7 ry peptides 
r behavior towards silver salts Ihe ! 

caret >?" 


rin bases, such as adenin, form silver 


pounds that are insoluble i? acids: 


arginin tvpe ot base forms silver 
ompounds that are precipitated only ot aspart 
plentiful 


Althoug'! 
NH nous substances 


CH COOH 


to tax The 
The comple 


aition 1 


ably a 


hen the solution 1 made alkaline: the 


laternary bases, { stachvdrn 


holin and the amines, do not form 


CH CH.OH sodium. 


ions and 
annoying 
substances 
an unknow1 


Varle 
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GLOBULIN FROM TOBACCO SEED 
FIRST CRYSTALLIZED IN MAR , 19 


The problem we set ourselves was to other type as possible, it must int: 
isolate, in definite erystalline form, as no nitrogen and it must be ren 
many of these substances as possible, from the solution afterwards 
knowing full well that this brief list simple manner These requir 
takes no account of what is unknown limit one’s choice to salts of metals, s 
about the composition of the extract as mercury, silver, copper and lead, 

The problem quickly reduced itself to such easily removed acid radicals as 
a study of methods of fractionation into chloride, sulphate or acetate Phos 
main groups, methods for the analysis tungstie acid and complex iodides 
of these groups into their components widely employed for certain separat 
and methods for the identification of the Nitrates, phosphates and alkali ions s 
components themselves. This meant, in as sodium or potassium must be 
turn, the search for reagents that would as much as possible 
precipitate definite groups of substances, It is clear, then, that our cho 


so that our analytical operations could severely circumscribed by consider 


be conducted on simplified mixtures of a purely practical nature. W: 
The essential requirements of a re- nevertheless been able to select 

agent to be employed in this kind of work quence of reagents to be used 

are that it must precipitate a definite cipitants, and the scheme we 

type of compound cleanly and quantita- adopted is relatively simple in out 

tively, it must precipitate as little of any It differs fundamentally fron 








GREEN 


— —_——— far thi -. 
me previously employed for this pur 
but, as our investigations proceed, 
becoming increasingly confident 


paration of an 
erial that shall 

simpler sub- 

as possible. The 

and pressing operations em- 
Osborne in his earlier work 
proteins yield a fluid that is 
the undiluted vacuole content 
ther with much protein. This fluid 


s freed from protein by treatmen 


t 
an equal volume of alcohol, and 


ltrate from this precipitate was em- 
ed in all our work on alfalfa. Re- 
ly, however, we have prepared ex- 
ts by the much simpler method of 
nging the fresh leaves into boiling 
r and then cooking them for a short 
In this way the proteins are 
rulated, the enzymes are destroyed 
diately and, by pressing the leaves 
washing the presscakes thoroughly 
th hot water, we secure extracts that 
tain practically the whole of the 
ler nitrogenous substances. Doubt- 
chemical changes of an irreversible 
ure occur during these operations 
t, for the present, we regard the losses 
being far outweighed by the gains. 
infis applies partici ariy to the inactiva- 
of the enzymes. We were always 
rehensive, wh ealing with leaf 
tracts made by r method, that 
tensive changes might have occurred 


before the enzymes 1n the extracts were 

nally destroyed by heating. 

The extract is cone 

eated with one to two volumes of a 

| to remove residual protein and mue 
the inorganic salt. The filtrate 

en freed from alcohol. 

Barium hydroxide must be used re- 
tedly during the analytical opera- 
ms on the cell extract, and this base 

forms insoluble compounds with many of 


the organie acids and other substances 


H. B. Vick« ry, J.B 


657, 1925. 
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fied with sulphurie acid and decomposed 
with hydrogen sulphide. 

The precipitate contains all but insig- 
nificant amounts of the amino nitrogen 
of the extract and all the organic bases 
except the quaternary bases and amines. 
The filtrate is acidified with hydro- 
chloric acid and freed from mercury. 
It contains the quaternary bases and 
amines, the sugars, insignificant residues 
of amino acid material due to the solu- 
bility of the mereury precipitate and a 
large amount of sodium chloride. 

By this fractionation we greatly sim- 
plify our analytical problem, since in the 
mereuric acetate precipitate we have 
substances that are for the most part 
allied to the protein decomposition prod- 
ucts for which methods of analysis have 
been devised; in the filtrate we have 
basic substances of a fairly uniform type 
for which also analytical methods are in 
existence. 

Theoretically, then, the problem, while 
complex enough, should be capable of 
solution. In practice, however, we en- 
countered many difficulties, and these 
were of such an acute nature that for 
the past three or four years we have 
spent nearly all our time on the develop- 
ment of the existing methods of protein 
analysis with the view of rendering them 
more readily applicable to the project in 
hand. 

It may be of interest to point out the 
nature of some of these difficulties. For 
many years it has been customary, when 
one must separate a mixture of mono- 
amino acids and basic amino acids, to 
employ phosphotungstic acid to pre- 
cipitate the basic substances. The 
precipitate can be readily decomposed 
by barium hydroxide and the bases 
quantitatively recovered. The excess of 
reagent can be equally readily removed 
from the filtrate which should then con- 
tain nothing but the mono-amino acids. 
This procedure was therefore used in our 
work on the extract from alfalfa. When 
the voluminous precipitate was decom- 
posed in the usual way we were some- 


1 


what disconcerted to find that a ¢ 
able part of the nitrogen in it 

be recovered from the insoluble 
phosphotungstate. Evidently 
tungstates of substances were 
that were not attacked by bariw 
droxide, and extensive and w 
lable losses of nitrogen there! 
curred. A few sad experiences « 
nature convinced us that phosp 
stic acid must be used to pr 
these bases only if no better 1 
could be devised. 

Another source of difficulty 
highly pigmented substances in t 
tract. Some of this annoying n 
found its way into nearly every fr: 
and we seldom had the comfort o! 
ing with colorless solutions. 

The most serious difficulty of 
however, a feeling of uncertainty r 
ing the details of the methods of 
that were available. The great ex) 
ence of one or two of the workers « 
staff with the analysis of proteins 
indeed a material help, but we felt 
a detailed study must be made of 
points before we could attack the 
sis of plant extracts with confide: 

The results of an analysis of t! 
pler nitrogenous constituents of a 
tract of alfalfa leaves may be ment 
as an illustration of the inadequa 
these methods. In spite of the gr 
care we were able to account for 
approximately 30 per cent. of the 
and 55 per cent. of the nitrogen of 
extract in the form of well-characte: 
products weighed in crystalline { 
While it is probable that a consider 
part of the undetermined nitroge: 
longed to some of these same subst 
that we were unable to bring to cryst 
zation in a form fit for weighing, 
clear that much of the nitrogenous 
terial in this extract is of as yet unk: 
nature. 

One very important conclusion bi 
clear from this investigation. In r 
years there has been a tendency to a} 
indirect methods of analysis to plant 
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ts. These methods are founded on 

behavior of certain substances with 

fied reagents. For example, when 
vinin is heated with strong alkali, one’ very high 

its nitrogen is split off as ammonia, _ tained. 

from the amount of ammonia so_ value aside 

ed one can calculate the amount of analysis of pla 
vinin present with considerable accu- chemists now 

This method works fairly well in terminations 
relatively simple mixture of bases acidic a1 

‘ived from the hydrolysis of proteins. for the furt 
Vhen it is applied to a plant extract the theory of prot: 
ass unption is made that no other sub- methods pr 

nee is present that is decomposed by accuracy a 

kali to liberate ammonia, an assump- acids, and the w 
tion that, in our opinion, is hardly justi- of the protein and nutr 
ed. As a result of our experience, we the Bureau of Chemi 

| that few indirect methods of this recently 
type can be safely applied to these com- methods 

x and largely unknown mixtures. 
lhe only adequate criterion for the pres- ing highly accurate 
ence of a substance is a crop of crystals Although our stud; 
of the substance itself, or a derivative of protein analysis has not yet 

that can be subjected to detailed to a conclusion, it had reached 
analysis and proper identification. In- some time ago where it seemed desiral 
direct methods have their place and are_ to return to the subject of leaf cell analy 
frequently of immense value, but they sis. We wished to select a mater 
ean be applied only when a demonstra- would fulfil a number of requiremen 
tion is provided that there is no inter- that our previous work had show: 
erence from other constituents of the of importance. The alfalfa lea 
mixture. small, and as our earlier work wa 

Our general dissatisfaction with the upon the plant as cut with a 
details of base analysis, as usually em- leaves and stalks were both incl 
ployed, led us to an extensive investiga- the material examine Kor 
tion of these methods. In the hope that work a large leaf was desirab 
a higher degree of precision might be extract was to be made by plunging the 
attained when simple mixtures were leaf into boiling water so as t 
taken for analysis we turned to proteins, enzyme action and kill the cells 
since these when hydrolyzed yield, so ately; a thin leaf was therefore 
far as is known, only three basic amino Furthermore, we desire 
acids, histidin, arginin and lysin. It from plants all of one fixed vari 
further happens that these three are, the same age, grown under the 
with respect to their behavior towards ditions of nutriment and 
silver salts, typical representatives of from year to year 
hree of the four main classes of organic No plant appeared to { 


bases already mentioned. requirements so well as th 


I may pass over the details of these We have in Connecticut 
investigations, since they have little in- experiment stati 


terest to those not engaged in this type 2D. B.J 
of work: the net result has been that we 79: 429, 1928. 
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of tobacco, and this branch is in a posi-_ nitrie acid that the indirect 
tion to supply material of a highly con- tive methods had indicated was 
stant type grown year after year under in our original specimen of 
precisely similar conditions and under’ This made it certain that we wer 
expert supervision. Furthermore, in dealing with nitrates in this plant 
view of the economic importance of the The tobacco plant contains ve 
tobacco crop in the state, the station siderable amounts of nicotin, 
looked with great favor on our sugges- substance is distributed througho 
tion and offered the most generous assis- plant, in leaf, stem, root and flow 
tance. the ovaries in the flower devel 
We have therefore been engaged for proportion of nicotin in the ripeni: 
some time in a preliminary study of diminishes, and the fully matur 
tobacco. This study has, to the present, of the plant is, so far as we hay 
been devoted almost wholly to the solu- able to detect, entirely free from n 
tion of the special problems that arise When matured seed is scattered or 
from the presence of the volatile alkaloid ting paper, moistened with di 
nicotin, and to devising methods for the water and kept at the right temper 
determination of different forms of nitro- and humidity for about ten d 
gen in the presence of the nitrates that sprout from 2 to 3 em long 
are usually found in_ eonsiderable The sprouts can be removed 
amount. I shall not weary you with a_ seed and an extract of them pre) 
detailed report of these investigations. Such an extract was found, by t! 
I wish only to draw attention to two tomary indirect method of analys 
points since they illustrate our method contain nicotin in an amount eq 
of approach. to 0.3 per cent. of the dry weight o 
Although it is widely believed that the material. As this was a matter « 
tobacco plant normally contains a con- great significance to admit of uncert 
siderable proportion of nitrate, an exam- we prepared a considerable quant 
ination of the literature revealed that the sprouts, isolated the nicotin 
the evidence for this is based, from the them and converted it to the bx 
qualitative side, upon color reactions, erystalline dipicrate which was id 
while the quantitative estimations of the beyond possibility of doubt. 
nitrate have always been carried out by Inasmuch as the sprouts grew ent 
indirect methods that were not entirely pon the stores of food laid up 
above criticism. the seed, it is clear that the nicot 
We wished first to prove that the sub- prepared from these sprouts arosi 
stance in the leaf that has been regarded precursors within the unsprouted 
as nitrate was in fact this substance. A no outside source of nutriment was 
specimen of tobacco was therefore able to the embryonic plant. Now 
treated with an excess of calcium hy- 4;, possesses a highly characterist 
droxide, was then dried and extracted ‘ 
with aleohol, whereby we hoped to ex- 
tract all the nitrate as calcium salt. The 
alcohol extract was evaporated, the 
residue was dissolved in water, filtered, 
and was then treated with nitron, an 
organic base that forms a very insoluble 
erystalline compound with nitric acid. 
Pure crystalline nitron nitrate was Nicotin 
readily secured, and the quantity found 10 H. B. Vickery and G. W. Pucher, J? 


7°97 


corresponded to over 90 per cent. of the Eng. Chem., Analytical Edition, 1: 13 
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d from the extremely stable nitrog 
is substance was first 


pel’s Ol, 


untered in the so-calle ippr 
oil prepared by » distillation of 
nes, and is also found among the prod- 
‘ts of the distillation of certain kinds 


eoal. It seems reasonable that among 
substances in the seed of the tobacco 
ant there must be one that contains 


is interesting ring structure. 
In the search for this precursor of 
‘otin our thoughts naturally first 
irned to the proteins of the tobacco ne . 
. . . . SCL nt ne 
d. Although there is no known con- 
° . } across a_ bre 
tituent of proteins that contains the 
} : now up, no 
ng structure of pyridin, it is by no 
7 deseends very 


eans beyond the bounds of possibility 


. minable valle) 
that such a structure may occur in some 


proteins, particularly the proteins of the 
tobacco seed. We have therefore, as it 
were, turned our laboratory clock back 


is the reward 
~ : mel S1¢ 
thirty years or more and are again study- In conclusi 
sentences 


ing the proteins of a seed according to 
Osborne’s classical methods. We found 
that the tobacco seed contains a globulin 
that could be readily obtained in a beau- 
tifully crystalline form. Inasmuch as 
not many more than a dozen vegetable 
proteins have hitherto been described in 
the erystalline condition, and these for 
he most part by Osborne himself, this 
result was most gratifying. Our studies 
of the newly isolated protein are now be- 
ing carried on. Whether or not it con- 
tains the desired precursor of nicotin, the 
investigation of so well-characterized a 
protein is itself a matter of interest. 

I have endeavored to present a brief 
Story of the activities of the laboratory 
at New Haven. In considering these 
matters while preparing this discussion, 





THE ULTRASCOPIC VIRUSES FROM THE 
BIOLOGICAL STANDPOINT 


By Professor E. W. SCHULTZ 


STANFORD UNIVERSITY 


THOUGH most people have never ex- 
perienced the thrill of a microscopic 
visit to that vast world of miniature 
plants and animals which surrounds us 
everywhere, few nowadays question the 
existence of microbice life. The term 
*‘germ’’ has become a household word. 
In the evolution of living forms these 
simpler precursors of higher living 
forms are probably to be expected. To 
the biologist they represent the simplest 
units of life which he can study under 
his microscope. Indeed, the average 
biologist does not anticipate much of 
interest to him below the range of his 
instrument. This is easy to understand 
if we bear in mind that with a good 
microscope one can still discern by 
direct illumination bodies as small as 
0.25 of a micron (or 1/100,000 of an 
inch) in diameter and that these just 
discernible living bodies present little 
for structural analysis. Indeed, with 
optical facilities which enable one to see 
and study cells of this minute size, a sort 
of doubt has grown up that anything 
much of importance to a biologist could 
lie outside the range of his ordinary 
optical devices. Assuredly, how could 
there be much when the smallest cells 
still within range of his instruments pre- 
sent so little actually to distinguish them 
from non-living spheroids, presenting as 
they do no discernible nucleus or other 
distinctive structural features, only the 
visible evidence of their proliferation 
and of their chemical activities bearing 
witness to their living nature? 

While certain good reasons have 
tended to support the supposition that 
nothing of significance could lie below 
the range of microscopic vision, the dis- 


eovery by Iwanowski thirty-sev: 
ago that the virus of tobacco mos 
ease, a transmissible disease atten 
a peculiar mottling and dwarfing 
affected plants, is capable of passir 
pores of a fine porcelain filter, 
rate suggested the probable existe: 
life much below the range of « 
optical instruments. Indeed, Bei}: 
who five years later rediscovered 
filtrability of this virus, actually 
lated the agent as a living conta 
fluid (contagium vivium fluidw 
deduction not so illogical if we rer 
ber that the colloidal state of matter | 
then not as generally known as n 
While these studies on mosaic dis 
of the tobacco plant served to op 
door to an entirely new group of 
tious agents, exemplaries of the 
have come to us in largest numbers f 
studies on the causal agents of vari 
animal diseases. In the year 
Beijerinck in Holland rediscovered 
filtrability of the virus of tobacco mos 
disease, Loeffler and Frosch in Germ: 
while engaged in an endeavor to se] 
rate a toxic substance for immunizat 
purposes from the lesions of foot-ar 
mouth disease of cattle, discovered 1 
the agent itself of this disease is ca] 
of passing the pores of fine porce! 
filters. Also in the same year Sana! 
in South America discovered the filtra 
nature of the virus responsible 
strange malady among his stock ral 
known as infectious myxomatosis of 
bits. These interesting observat) 
made in the course of a single year 
different countries naturally prompt 
similar inquiries into the causation 
number of other diseases the etiolog) 


Y 
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had hitherto re 
tirely unknown. 
filtrable agent 
sponsible 
ng them are 


liar diseases 


1 pox diseases of other animal 


ls¢ , | , 
mvelitis, fowl plague, cat 


mia of chickens, sarcom: 


nog cholera, listemper f ogs, 
phalitis of certain fur-bearing ani- 
s, certain diseases of insects and cer- 
diseases of fish. Recent additions to 
list inelude the bacteriophage, the 
is responsible for so-called *‘ parrot 
r’’ or psittacosis, and yellow fever. 
As important as many of these ultra 
pic viruses are from the medical and 
onomical standpoints, it is not my 
irpose to enlarge on these aspects of 
general problem which they present. 
apart from the urge for practical 
rmation, which the investigator 
iturally can not disregard, the ultra- 
ruses present much of interest from 
he standpoint of purely biological re- any n 
What are they? Are they’ when earthen filt 
living agents, or are they perchance non- While filtr 
ving agents resembling only outwardly, filter candles 
as they spread from host to host, a truly separation of microsco 
ving parasite in the transmissible effect scopic forms, fi 
which they produce? As living agents’ collodion membr: 
ey would certainly challenge the inter- which may within 
est of any biologist, for what biologist is_ trolled, enable 
not interested in the most primitive fair cegree of 
forms of life? Should they be inani- ical magnit 
mate in nature, interest in them from a_ servation. Eve 
biological standpoint would not dimin- it is difficult, 
ish, for the attention of the biologist sible, to make 
uld then merely shift to the strange the size of 
phenomenon which causes a _ virus- culty is made 
tainted cell to regenerate the selfsame fact that non 
agent which induced the original dis- possible exceptio 
ease process. The biologist would then has bee 
want to know what starts off such a per- pure st: 
nicious cycle in nature, and also some- gregates deriv 
thing regarding the precise mechanism themselves grea 
underlying such a disturbance. It can any filtration 
be seen, then, that, whatever the exact despite these ob 
nature of these agents may be, they pre- and, | 
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have thus far been made by means of 
these graded collodion membranes. 
While the results of these measurements 
must be regarded as approximations 
only, they nevertheless tend to confirm 
the suspicion that in some of the so- 
called filtrable viruses, at any rate, we 
have a group of agents whose organiza- 
tion, if they be living, must be appre- 
ciably simpler than that of the smallest 
bacterium known to us, indeed so much 
more primitive that it is difficult to 
visualize constituent functional parts in 
such cells, if they may still be regarded 
as cells. 

The virus on which the greatest num- 
ber of measurements have been made is 
the bacteriophage, an agent discovered 
about fifteen years ago which produces a 
transmissible disease of bacteria, asso- 
ciated generally with an explosive disso- 
lution of the bodies of the affected or- 
ganisms. <A mere trace of a dissolved 
bacterial culture containing this virus is 
sufficient to set up the diseased state in 
a new culture. Thousands of passages 
may be made in this manner from one 
dissolved culture to a fresh culture with- 
out the slightest diminution in the final 
concentration of the lytic agent, a fact 
which compels us to conclude that the 
agent multiplies at the expense of the 
bacteria it dissolves, by virtue of which 
it bears the earmarks of a true virus. 
Because of the tremendous interest 
which this discovery aroused, particu- 
larly with reference to the possible 
nature of the agent responsible for this 
phenomenon, many investigators have 
made a study of the properties and be- 
havior of this interesting filter-passiz 
agent. Indeed, the relatively simp 
conditions under which the nature of 


or 
4 


le 
this virus could be studied have offered 
additional impetus to the study of virus 
problems in general, with the result that 
much of the work carried out in recent 
years on viruses in general can be 
credited in a large measure to the stimu- 
lus which has grown out of the studies 


l 


on the nature of the bacteriopha 
might have been anticipated at t 


set two schools have grown up 


to the nature of this ag 

to other ultrascopie viruses als 
maintaining that it is of a living 

the other that it is non-living in 1 
Those who dispute its living nat 


} 
) 


their stand, in part at least, up: 
I 


ordinately small size of the 
ticle. Not content with the ear 
proximations of 20 to 35 uu,’ mor 
investigators have crowded it int 
gressively lower orders of m 
Most recent measurements, it 
some made in our laboratory, pla 
the neighborhood of 5yy. Expr 
another way, it would require m 

two thousand of these ‘phage pa 
placed together in one plane in a 
to bring them within the range 
bility. Whether or not this infinites 
size is in itself sufficient to plac 
particular virus in the realm of 
living substances, I, for one, wi 
venture to say. I shall return t 
question later. 

When we review measurements 1 
on other ultrascopie viruses, parti 
those responsible for certain anima 
eases, comparatively few results pri 
themselves for consideration. The 
son for this probably lies in the fact 1 
the obstacles which have to be ove 
here are much greater than those 
apply to the bacteriophage. Ba 
phage suspensions present comparat 
little in the way of associated coll 
matter to disturb the results. E 
these may be removed without great 
ficulty, and it is largely because of t 
fact that succeeding investigators | 
been able to assign progressively 
orders of magnitudes to the bact 
phage. 

1 uu = millimicron =1/1,000 of a m 
we remember that a micron is equal to 1/2 
of an inch or 1/1,000 of a centimeter, and 1 
a spherical body 0.5 in size may just b 
nicely with a good microscope, we can pi 
roughly at least the size of a pu. 











} 


d animal 


In the case of plant a1 
far the rtion of a 
is made up of disinte- 


This is 


ruses, by lara r pt 
"nS suspension 
rated host 
Ly understood if one remembers that 


preparing the virus suspensions one 


substance. 


tissue 


erinds the affected tissues containing the 
ent to a finely divided state, and it is 


is mixture which one is compelled to 
rk with in a study of these viruses. 


foreign material with which the 
i the 


rus 1s associated tends to clog 


res of even the coarser collodion mem- 
ranes, reducing their size, which in 
turn has the effect of giving to the virus 
which 11 


1 


than that 
‘tually The disturbance 
ly 


‘aused by this colloidal matter is not due 


larger particle size 


pt ssesses. 


solely to the physical aggregations rep- 
resented, but in a to the 

etrical charges which these aggregates 
bear, the also 
lectrical charges to become strongly ad 


large degree 


causing viruses bearing 


rbed to larger aggregates. 


sf 


While some progress has been made in 
ffecting a partial separation of this for- 
ign matter from the virus suspension, 


int 


this has not been sufficient to affect the 
problem materially. Nevertheless, in 
spite of these difficulties some suggestive 

on the 
has been 


been made 
viruses in question. Enough 
) 

learned to tell us that here also we may 


be dealing with agents whose physical 


observations have 


magnitude may perchance not greatly 
exceed that of the bacteriophage virus 
just referred to. Indeed, investi- 
gator has estimated the size of the virus 


of fowl plague at about 2.5 uy, a figure 


one 


which may possibly be a little too low for 
consideration 


Another in- 


virus, taking into 
more recent investigations. 
vestigator found the viruses of cowpox, 
of rabies and herpes-encephalitis practi- 
eally as filtrable as the bacteriophage. 
According to still another set of mea- 
surements reported, the virus of foot- 
and-mouth and 
chicken sarcoma seem to lie well below 


100 yu. Measurements made by us on 


disease also 
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that of 





tT) Vil ] 
+} this 0 SO! 
100 Tl S 
and s ent ss 
results W } 
p nSs1oONS \\ 
or r ! 
| part 
1 
tol I ( 
by Duggar and Karrer-Art 
comparable t t l 
hem c bin S it | 
gest that the 1 r} 
may n exceed t [ 


n 3s 1 ! tance al 
cance « I ns I r 
tainiy t ~ rt 

point qu ( ! toal 

acents clea} S — —_ 
scoplie forms k1 1 to us as | 
They must either represent exces 


primitive forms of | or 


class of agents i us t 
That they are not just sul 
bacteria seems certall 
( VATION 
Another 1 r reg 
viruses as u 1 to ba 
the fact that sp repeated 
to eultivat ! 3s 
ulture me¢ 1 have 1 ! 
tivated in this manner Whi 
have been a iecessful 
ported, not on them has | 
tained by subsequent workers 
viruses (cowpox, herpes) have, | 
been cultured in tissue eultur 
in the presence of living, g 
cells. Thanks to the excellent 
ators. 1 


a number of investis 


reached a high degree of p 


Not only is possible to culti 
cessfully tissues of such low « 
mesenchyme (connective tiss 
ete.), but also more specialized 
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such as endodermal and ectodermal cells, 
liver cells, skeletal and smooth muscle 
cells, nerve fibers, ete. Not only normal, 
but cancer cells from certain tumors of 
rats, mice, dogs, chickens and of man 
have also been successfully cultivated 
While the procedure is a little 
exacting, it nevertheless promises to 


im vitro. 
yield itself well to a solution of ‘ome 
aspects of the virus problem. Strangely 
enough only a few investigators have 
made use of this avenue in their ap- 
proach to the virus problem. Thus far, 
only a few viruses have been cultured in 
this manner. The virus of fowl plague 
has been cultured in tissue cultures of 
bone marrow; the virus of Rous chicken 
sarcoma in cultures of leucocytes and 
embryonic tissue cells, and vaccinia 
virus in a variety of tissue cultures. 
TissugE AFFINITIES OF VIRUSES 

Not only do the ultrascopie viruses 
seem to require living cells for their 
propagation, but many appear to be 
highly selective not only with regard to 
the species of animal they will attack, 
but also with regard to the particular 
tissue they pick out. The virus of 
poliomyelitis not only limits its attack 
to man and monkeys, but exercises a de- 
cided selective affinity for nervous tissue, 
affecting primarily the motor nerve cells 
in the medulla and cord. Other viruses 
are more or less equally selective in pick- 
ing out the animal species and particular 
tissues. Some are more selective than 
others, but all of them exhibit a well- 
defined affinity for certain host cells 
rather than for host tissues in general. 

The viruses not only tend to exercise 
considerable choice in the type of tissue 
cell they invade, but many of them ex- 
hibit a decided preference for young 
growing cells. The bacteriophage almost 
without exception produces its effect on 
young growing bacteria. The phenome- 
non of lysis and regeneration of the prin- 
ciple is brought out most clearly when the 
lytie agent is added to a young, actively 


proliferating culture. The actiy 
plant mosaic virus is manifested . 
the younger leaves of the plant 
implantation of cowpox virus in 
smallpox vaccination is, as you 
facilitated by scarification, an ope: 
which is promptly followed by 
generation of lost tissue and ther 
the appearance of young, rapid): 
viding cells. 
implanted it may by cell destructi 
other means bring about the nec 
proliferation of quiescent body cells 
meet its demand for young impress 
able cells. Such growth-stimulati: 
tion is noted particularly in a dis 
known as chicken sarcoma, a cance! 
affection in which proliferation of 
tain tissue cells takes place in a mat 
analogous to that observed in other 1 
lignant tumors. The addition of ; 
teriophage to a young bacterial cult 
serves to speed up greatly the rat 
bacterial multiplication. The ec 
jury which apparently accompanies 
growth-stimulating action in the 
instance is accompanied by a n 
influx of water into the cell, causing 
to burst much in the fashion of a 
balloon. As a newspaper reporter 
aptly put it, in describing the theor 

a certain investigator, ‘‘The bacte: 
phage plunges bacteria to an early di 

as the result of the fast living and 
much drinking which it induces 
(While this tells us nothing regard 
the exact nature of the agent res] 
sible for this pernicious influence on ba 
teria, it does convey a vivid picture 
the more obvious consequences w! 
follow the addition of bacteriophag: 
impressionable organisms.) Apparent!) 
two forces operate in a virus diseas 
one stimulating the cell, the other 
stroying it. In certain virus diseases 
as in chicken sarcoma, contagious ep! 
thelioma, fowl leukemia and in warts 
growth-stimulating forces predominat 
in others, such as smallpox, foot-and 


Once a virus has | 


mouth disease, herpes, poliomyelitis and 
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he lysis of bacteria under the action of 
bacteriophage, the destructive forces 
the cell-stimulating forces. 
This has the effect that in certain virus 
diseases we may observe tumor-like pro- 


overshadow 


feration of cells, while in others only 
eellular débris the 
where normally placed tissue cells once 
existed. While different viruses tend to 
influence cells more in one direction than 


may mark places 


the other, it is apparent that in either 
ease the effect is on certain selected cells 
which the virus presumably actually in- 
vaded. While bacteria may flourish in 
large the 
tissue, they rarely invade the tissue cells 


numbers in interstices of a 


themselves. 
INCLUSION BopIEs 


Viruses differ from bacteria not only 
in their preference for an intracellular 
existence, but also in that many of them 
give rise to peculiar formations within 
the affected inclusion 


bodies. 


cells known as 
In some virus diseases, such as 
rabies and cowpox, these bodies appear 
only in the cytoplasmic portion of the 
cell; in other diseases, such as herpes 
simplex and Borna’s disease of horses, 
only in the nucleus of the cell, while in 
still other infections, such as smallpox, 
in both the cytoplasm and nucleus of the 
affected cell. These may be round, oval, 
pyriform or irregular in shape, homo- 
geneous or granular and either acido- 
philic or basophilic in their staining 
reactions. Their nature is a disputed 
question. Some of the earlier investi- 
gators regarded them as protozoa, pic- 
turing them in various 
elaborate life cycle; others have come 
to the conclusion that they represent a 
class of micro-organisms which become 
characteristically coated with cellular 
material and have accordingly named 
them ‘‘Chlamydozoa”’ or cloak animals; 
a few investigators consider them as 
more or less solid aggregations of the 
virus corpuscles themselves. The general 
trend of opinion at the present time 


stages of an 





seems to be that se inclusion | 
represent prima! rea n ] s 
derived from constituents of 
rather than the rent its t 
cel in recent investigat S 
clusively shown, the virus its ! 
prominently represented w 
¢] ision body WI itTevel T 
nat of the I I } I 

I in be no question that | 
is de ite evider ( virus I 
On this rests « the mos t 
procedures in the diagnosis of ral 
which the finding of so-called Negri 
bodies within the nerve cells in the brair 
constitutes a positive diagnosis of t 
disease. Not all virus diseases, } 
are accompanied by these cellular 
sions. Poliomyelitis is a disease iz 
point. It appears that in p mvelitis 
the cytolytic changes mov: 
rapidly to permit reaction pr 
form within the cell. Exceptions of this 
sort are, however, relatively ur n 
and it may be that suitable methods 
still remain to be worked out for the 
demonstration of similar reaction prod 
ucts for the diseases in which these ex 


ceptions seem to exist. 


IMMUNITY IN Virus DISEASES 


A significant difference between 
ultravirus and bacterial diseases : 
noted in the relative duration « he 
immunity which follows recovery 


While recovery from certain bacterial 
diseases (typhoid) tends to leave on 
with a more or less durable immunity t 


the same disease, this is not true 


vast majority of bacterial infections. 


t 


Repeated reinfections with tl 
terial species during the course of an 


individual’s lifetime is not a rarity. In 


virus diseases, on the other hand, the 
eontrary is the rule. While exceptions 
may be cited, virus diseases generally 
leave those fortunate enough to recover 
with a solid and lasting immunity, an 


immunity which is real and not mere! 


relative. Why then is there this strik- 
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ing difference in the solidity and dura- 
bility of the immunity in these two gen- 
eral infectious 
the difference to be explained on the 
ground that the defense mechanism of 
the cell is more profoundly stimulated 


classes of diseases? Is 


by a virus than by a bacterium, or does 
the defense mechanism differ radically 
for the two general groups of agents, the 
one being relatively more effective in 
carrying out its particular function 
than the other? No satisfactory answers 
to these questions are at hand. Recent 
observations suggest that the acquired 
immunity against virus diseases may 
rest in part at least on a persistence of 
the virus in the tissues of the host fol- 
‘lowing recovery, in other words, may 
consist of an infection immunity anal- 
ogous to that which exists in a person, 
or an animal, infected with the spiro- 
chaete of syphilis. It is well known that 
a syphilitic individual can not be super- 
long as he harbors the 
organism. Not until he has been actu- 
ally eured of the disease, and only then, 


infected so 


does he become susceptible to reinocula- 
tion. This possible explanation of virus 
immunity finds support in recent obser- 
vations which have been made on the 
persistence of viruses in the tissues of 
animals following recovery. The blood 
of a found infectious 
seven years after an attack of pernicious 
anemia; the virus of foot-and-mouth 
disease has been recovered from a bull 
six months after recovery; vaccinia 
virus has been recovered from the tissues 
of experimental animals several months 
after infection and recovery. The virus 
of poliomyelitis has been found in mon- 
keys five months after recovery from an 
acute attack of the experimental disease. 
Bacteria which survive the lytic action 
of bacteriophage and grow up as sec- 
ondary resistant cultures not infre- 
quently continue to flourish from gener- 
ation to generation in _ intimate 
association with the bacteriophage. 


horse has been 


Once freed of the principle they tend to 
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revert to susceptible forms again. 0 
examples might be cited. Of 
eance also are the observations 
reported by Olitsky and Long 
cinia immune rabbits, who found 
the acquired immunity following 
lation disappeared in these anim 
after the disappearance of tl 
from the tissues of the host. F: 
various observations cited it would 
therefore, that 
against virus infections may swil 
part at least, on a persistence 
virus in the tissues of the recover: 
dividual. What keeps the virus in 
within the host is not exactly clear 
cept that we know that the serw 
such an immune individual ¢ 
antibodies capable of inactivating 
virus. Strangely enough the anti! 
which seem to be responsible for |} 
the viruses in check apparently a 
plish this not by actually effacing 


acquired imm 


agent, but by rendering it incapal 
injurious action. We may assun 
it is not necessarily actually destro: 
because inactive serum-virus mixt 
may within certain limits of tim 
rendered active again by well-ree: 
procedures, but this brings me to 
next chapter in the development of 
theme, namely, the antigenic behavi 
the ultraviruses. 
ANTIGENIC PROPERTIES OF ULTRAVIR( 
If we stop to analyze antigens* 
group, we find that they may be divi 
into two general classes—those w 
like toxins and 
within the host the formation of sp 
neutralizing antibodies; and those w! 
like bacteria and other complex prot 
stimulate the formation of 
(eytolysins, agglutinins and precipiti 
function directed s 


whose seems 


2 An antigen is any substance which inj} 
parenterally into an animal will stimulate 
formation of I 
which react in one way or 
antigen. 


specific 


other with 


ferments, stimul 


antibodies—substar 


as 


antibodi 
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elimination or removal of 


y 


rds an 


re complex foreign proteins from the 
. While no sharp line has been 
rawn between these two general classes, 
‘tain fundamental differences seem to 
resent themselves which warrant an 
mpt to classify ultraviruses in part 
the basis of their antigenic behavior. 
Such studies have been undertaken in a 
mber of 


vn. with significant results. 


laboratories, including our 
The sum 
tal of these studies seems to indicate 


clearly that the antibodies stimulated by 


ultraviruses resemble much more 
closely antitoxins and antienzymes in 
their nature than they do the antibacte- 
rial and the are 


formed against other complex proteins. 


antibodies which 


Expressed in another way, they seem to 
belong to the first rather than the sec- 
ond class of antigens. Like the neutrali- 
zation of the soluble toxins formed by 
the diphtheria bacillus by its antitoxin, 
a mechanism has to be distin- 
guished from that which has to do with 
the elimination of the diphtheria organ- 


which 


ism itself, antibodies formed against the 
ultraviruses function merely as inacti- 
vators or neutralizers of the virus. In 
this inactivation the virus does not ap- 
pear to be actually destroyed but merely 
rendered inert because of sort of 
union which takes place between the 
and the antibody. As in the 
union of diphtheria toxin with its anti- 
toxin, the union between a virus and its 


some 


virus 


antibody may, as I have already indi- 
cated, be broken up with the result that 
the active virus, as well as the antibody, 
may be set free again. The mechanism 
is in a measure comparable to that of an 
ordinary chemical reaction in which the 
resulting compounds may be resolved 
again into their constituent substances. 
This dissociative effect, which can for a 


time at least be realized, is something not 
realized in the reactions which may take 
place between bacteria and their anti- 
It will be seen, without going 
further into a technical subject, that the 


be dies. 


ultraviruses are aIsStTINgulsi I I 
} Teri not ‘ , tia ‘ ’ y 
reo Ciid fl Ul ‘ i Seve! i 
aireaay n I i but ais 
antigenic behavior Not o1 t] 
Wwe nave 1! t el ¢ recem) 
The be ir antivenk \ TO | l 
fer? nts furt! r ’ 
lov y ral i a ? aiis ? 
erwuls | Ss l l aad I 
while the latter is true this 

{ } } 
ustliv the conclusion 1 t viruses 
are actualiyv of the nature I tr TOXINS 


or ferments. All one can say 


ultraviruses, because of dist 

singular differenees in the « l 

physical constitution, seem | 

elicit an antibody response differing 
fundamentally from that 

elicited by more highly organized p1 


teinaceous bodies. 


NATURE 01 E ULTRA\ 


From the facts brought into 1 
we can see that the uiltrascop S 
represent a class of int 
whose properties differ in certain i r 
tant respects [rom ft sim] ! 
microscopic life known to us Wi 
seen that they differ not only in being 
a much lower order of magnitude, b 
also in their inability to ¢ 
artificial media, in their depen 


and selective affinities for 


cells, in the peculiar cyto 

which they induc n the type of in 
nity which they give rise t 

their antigenic behavior. What, ther 
is the exact nature of 1 

agents? Dot repres y 
primitive forms of life or a1 

chance non-living nts 1 ! 
ferments, hormones or t 
stances which set up within a living 
disturbances of such a nat 

iff ed Lis ¢ 1used 

oft the same agent 6 

being ente ned, and « I 

present state of our knov 

quite as emectiv lor or \ ‘ l 
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Possibly the best argument in favor 
of the living nature of these ultrascopic 
agents is their transmissibility in series, 
a phenomenon which one feels forced to 
associate with a progressive multiplica- 
tion of the virus particles. It is, how- 
ever, not necessary to assume that this 
multiplication can take place only as a 
result of some sort of cleavage or repro- 
ductive mechanism inherent within the 
It is barely 
possible that such a regeneration might 
be accomplished through the medium of 
the host cell deranged in some way by 
an appropriate agent setting up a dis- 
turbance of such a nature as to cause 
the cell itself to elaborate more of the 
selfsame principle capable of affecting 
While the provision of such a 


virus corpuscles themselves. 


new cells. 
mechanism of virus regeneration would 
seem an unusual thing to expect of a 
cell, whether diseased or normal, this 
possibility is strongly embraced by some 
investigators. True, there are no satis- 
factory parallels known to biologists on 
the basis of which such an assumption 
can be reasonably supported. That 
damaged tissues liberate a growth-stimu- 
lating principle has been known for 
some time. In such a scheme of things 
the newly formed cells are potentially 
fully as able to liberate this principle on 
being injured as were the original cells 
which they displaced. Yet in this 
scheme we do not have self-perpetuating 
cell destruction going on hand in hand 
with that of growth stimulation. Were 
one able to reconcile in any way the re- 
generation of self-destructive agencies 
with that of the biological struggle for 
self-preservation, it would be a little less 
difficult to leap the gap which exists 
between such contrary tendencies in 
nature. Something which does harmo- 
nize with the idea that viruses may be 
regenerated by the affected cells has 
been observed in studies on certain fer- 
ments. Bordet and Gangou, while work- 


ing on coagulation of the blood, observed 
that a given quantity of thrombin not 


exercises a direct ecoacu 
action on blood, but also stimulat 
production of new thrombin at 
pense of materials in the coag 
fluid. A plasma which no longer yi 
thrombin spontaneously could 

to yield considerable quantities 
addition of a small quantity of 
bin. Another 
that enterokinase 
transmissible effect in the transi 


only 


investigator has 
produces a s§ 


tion of inactive trypsinogen into 
trypsin. 
of enterokinase serve to activate a 


Not only does a smal] an 


quantity of trypsinogen, but the 
ucts of the reaction may serve t 
vate new quantities of trypsin. 
observations, while not strictly con 
ble to the transmissible effects produ 
by viruses, nevertheless offer somet 
for our consideration. 

The possibility that the ultraviru 
may be of a non-living nature tends 
be supported also by certain obs 
tions indicating that they may be caus 
to arise de either natural); 
under the influence of certain agen 
A number of investigators claim t 
recovered bacteriophage from bacte! 
cultures previously free of this 
either after allowing them to age ur 
more or less natural conditions or aft 
subjecting them to certain 
physical and chemical influences. Sir 
lar observations have been report 
bearing on virus diseases of animals 
According to Carrel the injection int 
chickens of embryonic tissues and cer 
tain chemicals, such as arsenic, coal-t 
indol and peptone, produces sarcon 
which contain the Rous sarcoma virus 
Similar results have been obtained wit! 
spleen tissue treated with arsenic 
vitro. Rivers and Tillett chanced to 
cover a new virus by injecting intrates 
ticularly suspensions of ground rab! 
testicles from rabbit to rabbit in 
course of another investigation. Naeg 
has noted the appearance of herpet 
lesions in a _ certain percentage 


nove 


unusual 
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tients injected with bacterial vaccines. 
bear the 


are, as 


All these results, however, 
stamp of 
sequent 
readily reproducible. 
make certain that viruses have not been 
Irom 


and 
have 
Until one can 


findings 


chance 
investigations 


show n, 


identally introduced outside 
conclusions on the basis of such 


held in 


sources, 


naturally be 


observations must 
pevance, 

Of particular interest in connection 
with the question of the nature of ultra- 
are the recent 


Vinson and Petre on the virus of plant 


observations of 


viruses 
mosaic disease. These investigators were 
able to precipitate this virus from the 

ices of the diseased plant by means of 
aqueous the 
precipitate the virus is apparently held 


solutions of safranin. In 
in an inactive condition but can be re- 
activated again by removing the safra- 
nin by means of amyl aleohol. By fur- 
ther chemical procedures they were able 
to get the agent in a comparatively, 
though not entirely, pure state. They 
concluded from their studies that the 
behavior of this virus is in many ways 


analogous to that of a chemical sub- 
stance. 
While there are good reasons for 


doubting the living nature of at least 
some of the ultrascopic viruses, there are 
excellent reasons for regarding 
them as animate bodies. Were we bet- 
ter informed as to what actually consti- 
tutes life, there might not be any cause 
for controversy as to the nature of the 
under consideration. 
have no satisfactory answer to the 
fundamental ‘““What is 
life?’’ it becomes necessary for us to get 


also 


agents Since we 


question of 


on as best we can with the criteria at our 
disposal, remembering that these may 
only partially the essential 
attributes of life. must 


measure 


We remember 


also that the criteria we may see fit to 
measure by are based entirely upon the 
behavior of complexly organized living 
bodies, even though based upon the sim- 


plest single cell s witl 
ar Tamia \\ not 

ever regard fur 

butes of th . 
constituents of the cell. Ws 

uninformed as to how tl t 

these ultimat nits d r fror 

the livir Yr S a I ( \ Ss 1S 
one place wher ir met l ! ir 
ing lite begins bi < dow! | 
teria, at least so f them, 1 

transtormed 1 ra I 
stages and back again to visible forms 
seems to have become more and 1 
clearly established. So far as 

the attributes of the units in tl! 

scopic stage may be totally t 
from those of the microsco} forms 
under observation But I 1 t 
allow myself to be carried t 
Rather, let us make use of the criteria 
of life so far as they are known to us 
Let us see what they are and t vhat 
extent they may serve our needs in t 
present problem. Probably the best 
consideration of this question is offered 


by d’Herelle in supporting his 
sis of the living nature of the ba 
D’Herelle believes that the 


eriter 


phage. 

essential ia of life are (1 e 
power of assimilation in a heterologous 
medium and (2) the power of adapta 
tion or variability. In applying these 
criteria to the viruses, the answe 
first 
namely, that of 
agent under consideration 


proved that the agent in question 1s 


question swings on a_ second, 


the 


autonomy of the 
If it can be 


actually autonomous—-is an 
nitely foreign to the host—then the very 
fact that it 
that is, 


is transmissible In series 


multiplies—proves that the 


agent must possess the power of con 
verting host substance into its own sul 
stance, in other words, possesses thi 


Proofs of au 
character. None 
are easily established D’Herelle has 
offered what he 


power of assimilation. 


tonomy may vary in 


regards as at least ten 





432 THE SCIENTIFIC MONTHLY 


different proofs of the autonomy of the 
bacteriophage. I have time to refer 
only to two which, to me, appear espe- 
If one injects a rab- 
bacteriophage 


cially significant. 
bit repeatedly with a 
lysed culture, specific antilytic or anti- 
phagie antibodies will make their ap- 
pearance in the blood of the animal, 
while the injection of a ’phage-free bac- 
terial culture, whether autolyzed or not, 
never gives rise to such antilytie anti- 
bodies. The bacteriophage, therefore, 
appears to possess distinctive antigenic 
properties distinguishable from _ the 
antigenic components of the bacterial 
cell. In other words, antigenically it 
behaves like an independent autonomous 
body. Moreover, if we take an antilytic 
serum so produced and add it to a see- 
ondary culture, one in which resistant 
bacteria and ‘phage coexist ‘‘symbioti- 
eally,’’ and in consequence of which the 
cultural properties of the bacterium 
have been profoundly changed, we will 
not only succeed in inactivating the 
bacteriophage in the mixture, but we 
will also succeed in converting the eul- 
tural behavior of the bacteria back to 
their normal state. This ‘‘curing 
action’’ of antilytic sera on abnormal 
secondary cultures may well be com- 
pared to specific serum therapy in infee- 
tious diseases of man and animals. It is 
an effect which one can easily under- 
stand if he regards the bacteriophage as 
an autonomous agent, foreign to the 
bacterium attacked. It is, on the other 
hand, an effect which is difficult to 
understand when one views the bacterio- 
phage as some abnormal product of the 
bacterium’s own body. What I have 
said regarding the autonomy of the 
bacteriophage probably applies equally 
to other ultraviruses. With the au- 
tonomy of a virus fully established, a 
matter that is more easily affirmed than 
done, there seems to be no other conclu- 
sion left for us to draw than that the 
viruses possess the powers of true assimi- 
lation—one criterion of life. It has 


seemed to me for some time that th: 
logical manner for d’Herelle’s 
nents to attack his hypothesis of t 
ing nature of the bacteriophag 
be for them to undertake to test 
validity of the hypothesis on the | 
the criteria of life 
d’Herelle. 


that the bacteriophage actually ¢ 


advat 
How secure is the evi 


the two basic eriteria of life—a 
tion and adaptability? What ey 
can be amassed to prove that th 
teriophage is not actually autonor 
that the proofs advanced by d’H 
are more apparent than real? \ 
evidence can be collected to show 
the bacteriophage does not in trut! 
sess the powers of adaptat 
Strangely enough most of the w 
d’Herelle’s opponents does not rv 
these questions. I can say this 
spirit of full neutrality, for to n 
question still remains an open ons 
sympathy with my view that the 
ity of d’Herelle’s hypothesis shou 
tested in terms of the criteria ot! 
advanced by d’Herelle, Dr. Bea: 
colleague of mine, undertook to n 
careful study of the capacity 
bacteriophage to adapt itself to nev 
vironmental conditions, particular 
its ability to adapt itself to the atta 
entirely new bacterial species. Thi 
sults of these studies, which he car 
out in a very critical and painsta 
manner, forced Dr. Beard to cone 
that the bacteriophage possesses 


power to adapt itself to new bacter 


species only in so far as it may p 
at the outset a certain ‘‘latent’’ cap 
to attack the new species on which 
being trained. 
teriophage exhibited slight or virt 
hidden capacity to 
species could this capacity be enha 


Only in the event a 
attack the 


by serial passage on the new speci 
a point where the phage more or 


energetically attacked the new spe 
In the absence of such ‘‘latent’’ ca 
ity, adaptation to new bacterial sp: 


7 
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not occur. While he was unable to 


LU 


iplicate the results of certain other in- 


vestigators with respect to the facility 
which *phages were claimed to ad- 

just themselves to new bacterial species, 
previously not attacked, there neverthe- 
ss still remained unexplained the 

apacity of a bacteriophage to increase 
m a very weak to a very strong 
ce. This increase in activity, or 

erease of virulence, reminds us not 
nly of similar properties exhibited by 
her ultraviruses, but of similar capaci- 

s exhibited by such definitely known 
iving organisms as the bacteria them- 
selves. It is a form of adaptation with 
which every pathologist is familiar. 
The question before us is then this. Is 
this enhancement of the virulence of a 
bacteriophage based upon the same 
fundamental law as the enhancement of 
virulence of pathogenic microbes, defi- 
nitely known to be living? All we can 
say is that outwardly the two phenom- 
ena resemble each other very closely. 
Basically they may, for all we know, dif- 
fer widely. 

Some doubt has been expressed as to 
whether bodies as small as 5 to 10 uu 
could still be complex enough to be liv- 
ing. In the first place, it must be re- 
membered that the measurements at our 
disposal represent only rough approxi- 
mations. In the second place, as I have 
already pointed out, we know nothing 
whatever as to what actually constitutes 
the ultimate units of life. As Gaskell 
has recently suggested, ‘‘life’’ may be 
‘“‘intraatomic quantity.’’ It may, on 
the other hand, be something that de- 
pends upon more complex physical ag- 


an 


gregations. Of this we can be sure, that 
the single-cell organisms we see under 


the microscope represent in reality quite 
highly organized forms of life. In them 
one observes already considerable spe- 
cialization both in structure and fune- 
tion. The smallest visible cell, with no 
nucleus discernible, must still have rep- 
resented within its body a diversity of 








ourselves over t] 
protein molecu 
establish the simplest living 
ultimate unit 


all on the ques 


ceivable tha 


units may evi 


organisms and so on. 
is entirely con 
that a place could be found for the 
viruses quite regardless of 


Who ean Say | 





HOW DID WE COME BY ART? 
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PriosopHers, notably Bacon, have 
viewed man in his beginnings as a help- 
less creature. This conclusion may 
possibly be inaccurate, but it does not 


require an effort of faney to portray 


early man as bereft of superficial graces. 
Man had not the 


I t tl h bestowed by na- 


ture in exquisite beauty on insignificant 


organisms. He seems to come upon the 


horizon of life as an afterthought, with 
beetling brows and rough, dark, hairy 
skin, a very ugly duckling. 

He is provided with strength of body 


cunning of brain, serving to put 


nature 


and 
him first in the competition of 
and urging him forward to the culmina- 
tion when he shall have all things. But 
in his early stage we do not know that 
he appreciates his surroundings of nat- 
ural beauty, nor is it imaginable that he 
perceives such things as flowers, the bril- 
liant plumage of birds, their songs, or 
the lovely tints of wet sea shells. 

Man is thought to have-emerged from 
a gnarled stem of ungraceful mammals 
and surely destined from the beginning 
to make his own way to the decorative 
perfection which ages of development 

His incom- 
he intrudes 
and forward to 
when the scars will be healed, hundreds 
of millenniums in the future. 

In the past we must see him as ten- 
tatively feeling his way toward the se- 


had given to other animals. 
pleteness is still striking; 
looks 


devastates, yet 


erets of his relations to his surroundings 
in the visible world, the first animal that 
grasped the keys that would open a 
never-ending Why and how 
he did this we would like to know, fas- 
cinated, but feeling that these questions 
can never be answered. 

We know, however, that from these 
fertile beginnings he would build art 


progress. 


to himself, a vast re 


never knew, exceeding 


exterior 
nature 
ever touched by life, and fore 
as we with our limited w 
may guess, to the processes of 
force anima 


terious 


In this he would arrive aft, 
incentives, the clothing of his 
nature decorates her life f 


a fair theory to put forward 
isible world 1 
bolic dress began the lon 
Nothing exists to show the faint 
nings, what they were like or i 


order they proceeded from t! 


T 
i 
in clothing the inv 


fr cou 


consciousness of his bei 
the 
almost insensible pri 
tangibly revealed. 

The expression of 


where along line of wha 


gress the 
feelings by 
fae 
bodily changes recognized by 01 


cular movements in figured 
as signs of a mental state is un 
the animal kingdom. The old 
tion that ‘‘actions speak louder 
words’’ may be applied here. O 
the animal stage in which such 
are considered psyel ological emi 
taken to be sy1 
connoting ideas and in effect fund 
tals preceding and developing 
language. It evident that ges 
universally accompany the com} 
and th 


gestures of man 


is 


speech as a shadow aid, 
slowly and with difficulty lose tl 
portance. 
There 
symbols during which the way is 
Work v 
hands in stone, wood, skin, bone, 


» 
f 


is a long period of 


pared for other forms. 


and other naturally occurring mati 
- 


prepares the media for the record! 
Without media the 


31) } 
ground 


art. 


for art is non-existent. 
34 
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media is seen to 








he scope and ( irracte! iri ) S tl ! 
In the order of forms and surfaces art rtis ( nt I 
s progresst d to the two great divisi S nd Sp l 
sculpture and decoration. Nature formed 
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piling 
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teraction of life and environment. sponding phases I t in 
At some line of fusion man breaks away _ the general li 4 
the constraints of the intimate in the max rt 1 a 
surroundings and begins to use extrane- progress 3 
is aids to his physical and mental velopme r I 
+ 1 r ~ y | ~ 






mplex. Here at the beginning of arts’ the thought that } tings 1 


lich are regarded as man-like bed rock 










this period marks the 








ntrance of form as a human contri- only wit! ler pl ! 1 
ution to art. Practically, the first ex- ture At early s S symi had no 
pressions of form preserved in enduring audience and thus could not | 





flint in the controversial Eolithie period currency giv: a later period when 






are humanoid only and not to be judged cooperative men had come on the scene 





by any conceived tenets of art or even The philosophical view of the symbolism 


utility, but no doubt satisfying to the of all things extraneous coming unde 






Eolithic being, himself mostly a natural the purview of human consciousness is 





product, as conforming to the shapes not here considered 






riven out by usual causes. Symbols are the short] 

With the pre-Chellean and Chellean’ the first terms of an equation \ 
comes a half natural, half artificial im- reaches an intangible solution 1 the 
plement with the idea of mass and the mind. They are foci for erystallization 







beginning point, a feature so important of th 





practically and ideally to future arts. tent is suggestion, which are 1 ng 
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of arts, but really of extreme slowness, ratiocinative media of the | 

‘comes the procession of increasingly Symbols wugur leco! rt 





‘oneise forms shadowing forth seulp- They have first currence are} it 





ture, Surviving hard materials demon- a point in culture where ; STI t 10eas 





strate the use of antler, bone and ivory, can be appreciated 






requiring other freer methods of work, The idea of prop eme! ne 
suggesting a wider range of forms which of the early manifestations by man of 






id : ‘ ‘ P ‘ 
vould emerge into the round. an interes in outward $ Whiue 





rom this point we have predeter- an early workman might not extend the 
mined progress that at intervals rose idea of property to flakes struck off in 
high and again to a low state, yet in’ the manufacture of an implement or to 





essence a real series of advances. Some- rejectage due to any other arts 


436 THE SCIENTIFIC MONTHLY 


finished product becomes his own. If 
at this state of comprehension the arti- 
fact is to be recognized as personal 
property by others it is logical to sur- 
mise that the owner would put his mark 
on it. This mark is recognized as an 
early symbol. 

In the Old Stone Age the criterion of 
**mine’’ would doubtless be a proto sym- 
bol revealed in some color, flaw or even 
habit of flaking which would identify 
the object. Necessarily we have nothing 
distinguishable in the stone artifacts 
that have fallen ages ago from the hands 
of their owners and there remain none 
of the perishable elements of social life 
surviving upon which to note marks 
or symbols which may have been used. 

The steps in psychological phenome- 
non made by man in producing such 
simple marks as the cirele, square or 
four-arm cross are perhaps unknowable, 
falling no doubt into the limbo of un- 
answered queries as to the origin of 
many things wrought by the mental 
equipment of the coming man being. 

Ingenuity is no answer because that 
trait refers to work with things close to 
the material world. The most that may 
be said is that at the proper stage these 
apparently simple marks seem to flash 
out without preparation or perceptible 
preparation in anything that has gone 
before. This is not regarded as dealing 
with the obscure question of independent 
invention which comes to the front in a 
later state of progress. Thus from the 
point where symbols began to the point 
where these devices were consciously 
and customarily used it appears not pos- 
sible to take up the subject of indepen- 
dent invention, not only from lack of 
data, but from the obstrusive question 
as to whether there were any data. 

Considered as the simplest form, the 
straight line is usually given precedence, 
but apparently quite wrongly. A sim- 
ple straight line connotes nothing. It 
is the zero of decorative art and as in 


the zero of mathematics was not dis 
ered as a factor for ages. Thus 
straight line in symbols of begir 
decorative art is positional in rel 
to other straight lines, that is, two 
cutting each other, forming a di 
or axial cross. 


The development normally of di 
tive art seems to be with elements 
simplest form or unit symbols; 
mediate forms or combined sym 
arriving finally at complex forms 
design. As suggested, this evolut 
does not everywhere follow the non 
course. Apparently from a given it 
petus the course of decorative desig 
been modified by racial or individu 
genius. Thus in one area there is 
rapid development from a simple moti‘ 
and in another it is long and stea 
from several incorporated motives gr 
ually becoming wide-spread. 

Viewed historically there is a const 
flux between freedom and formality 
art. It is customary to consider 
mality a decay from freedom, as a 
parture from an ideal. In particular 
this transfer has happened many times 
even in the most conservative period 
among races, but must be regarded as 
sporadic, while the general course of 
growth of the art instincts from ft 
Stone Ages to the eras of achievem: 
has been prevailingly from simple 
complex. Thus the theory that decora 
tive art begins with symbols and sculp- 
ture with the forms of surviving st 
implements seems valid. 


Use or SYMBOLS 


Property marks have received mu 
attention as to their bearing on 
origin of the alphabet. It is possib! 
that these symbols entered into decor 
tive art. Property marks are first noted 
as prevalent at the period of land- and 
sea-borne commerce, which began pre- 
sumably in the Neolithic as an estab- 
lished social feature. 
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traders adopted 
their own invention for 


The theory is that 
marks of 
goods as 


kages of 


identifying such pa 
y ventured in the rude commerce of 
e times that 


marks assumed a phonetic value furnish- 


and gradually these 
ng the elements of an alphabet in a later 
peri d. 

There 1s 


much to commend this 


theory, as it is logical to present a case 


for the marking of many kinds of per- 
sonal property acquired during the 
increasing complexity of social life 


characterizing the Neolithic, Bronze and 
early Iron Ages. 

Incidentally, evidence of this out-of- 
date illiteracy is seen far into modern 
times in the use by the folk of personal 
and family symbols and in the conven- 
tions of heraldry. A most illuminative 
example of the merging of symbols of 
various employment into decorative art 
is observed in Japan. Other countries 
present similar phases. An interesting 
legal survival is seen in the X which is 
‘“*his mark.”’ 

There is abundant 
practical and wide-spread use of sym- 
It can not be proved that symbols 


evidence of the 


bols. 
are of any great antiquity; in fact, the 
weight of evidence is that they are the 
product of periods of pronounced cul- 
ture advance. Nevertheless there is a 
feeling that these devices may have been 
used, though sporadically, in quite early 
times and some elements filtered down 
and were incorporated into the art of 
later times. Symbols, however, kept 
clear of art when used as economic fac- 
tors—witness the English trade-marks 
sanctioned by Parliament 600 years ago. 

While observations that sym- 
metry is at the basis of all art, it is rare 
that a purposeful analysis to determine 
a law of proportion has been experimen- 
tally worked out. The analytic mind 
of the ancient Greeks attacked this 
problem and was satisfied to accept the 
style which must have seemed bizarre 


show 
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It has be Sto! to tl SO! 
w]) it loosely ¢ SV ~ sas | 1! 
rency Whict can De Se jue Strat { I 
rowed or dispersed through any of the 
happenings to races between peace and 
war. Really, the great bulk symbols 
are closely bound to tribal art being 
worked into design as part of decorative 
invention, and at least in t later 
Stages rarely occurring in a free state 
connoting a single idea 

Some symbols considered primary 


seem also to have become wide ly diffused 


One of these, the swastika, is wide spread 


and has been thought to indicate racial 
connections over great areas. The swas- 
tika is in technique based on the unit 


axial equal-arm cross symbol and formed 
by the addition of short lines at right 
the 
convey the idea of 

It would appear that the motion con- 
cept is the first composition factor to 
emerge in decorative art. It is 


angles, whole symbol intended to 


motion. 


seen in 


most compositions on the axial cross. 
A remarkable 
ancient Pueblo 


four-part designs are balanced or static. 


series is observed in 
pottery in which few 

The wide diffusion of the axial cross 
makes it possible that from this symbol 
alone the swastika originated in 
different art areas and this weakens the 
idea of diffusion by The 
axial cross is important as a generaliza 


many 
migration 
tion obviously on position of the indi- 
vidual with respect to the external world 
which divides itself into quarters in ac- 
cordance with celestial phenomena, that 


is, the rising and setting of the sun and 
decorative de 


the opposite points. In 
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signs ‘‘here’’ is a round or square area 
from which the four radial lines project. 

It is not necessary in some cases to 
begin with a formal symbol because as 
in the evolution of a Greck fret, from 
alligator designs of ancient Colombian 
art shown in the elassie study of 
Chiriqui design by W. H. Holmes, both 
the square cross and the swastika are 
transmuted animal designs. In native 
design animal motives overwhelmingly 
predominate while floral motives are al- 
most absent, being in the generality of 
observed cases the stigma of decay. 

The circle is also a protean symbol to 
which various meanings have been as- 
signed. Theoretically the circle orig- 
inates from the square, and both may 
arise as a resultant of arrangement of 
design. The eirele is w ide-spread, but 
this is not evidence of cultural spread. 
The circle with a dot in the center may 
give evidence of transmission by borrow- 
ing in some cases. 

The simple circle in design has often 
followed the use of the tubular drill, 
and it is also thought that shaped flints 
were used in the sense of a compass for 
evolving the figure. 

Among the numerous free symbols 
that give evidence of the fertility of 
design among various races there are 
few known to have been borrowed in an 
extensive way. Mere contact of tribes ap- 
pears to show borrowing, as the Navaho 
adoption of some Pueblo symbols, while 
the latter are coextensive with the 
pueblo region. 


MUTATIONS OF SYMBOLS 


It is a common observation that there 
is a constant play of decorative fancy 
producing general and often profound 
changes in the units of design. In the 
life of a symbol changes occur, often 
rendering the basic symbol unintelli- 
gible, and sometimes after a long series 
of developments the initial form reap- 


pears. 


Thus a design may begin wit] 
parative realism, show a merging 
geometrical or conventional, becor 
tirely conventional and gradually 
back again to the beginning wit} 
tirely new meaning. There may 
fragmentary remains of realistic 
conventional design, such as an e' 
feathers, not erased by mutations 
surviving as a eclew to the sur 
original motive. In these mut 
geometrical breaks into curves, or 
sitely, curves become geometrica 
sometimes occurring in the same 


tion. 

The question of primacy of r: 
or geometrical is thus confused, tl} 
pression being that if realistic 
the cycle it is of very short durat 
It is probable that under the design: 
exigency the original breaks up int 
number of parts or symbols, as the 
design of the ancient Pueblos or 
animal designs of the Northwest C 
Indians so thoroughly studied by B 

It is probable that the theors 
realistic designs are generally abs 
and that the geometrics begin as 
with triangular or dentated marg 
the lines used in combination par 
converging or outlining wedge-s! 
spaces. These refer to free-hand vw 
on surfaces as in pottery or skin | 
ing. In basketry and other textiles 
mechanical limitations foree other tr 
ment, but the mutations are quit 
pronounced and varied. 

It appears probable that early des 
thought to arise out of religious 
cepts had a permanence not enjoyed 
later designs of tribes in more advan 
culture. This is in aceord with t 
suggestion that tribes moving into 
new environment tend to form n 
*‘schools’’ of decorative art. There : 
thus many beginnings, often with « 
ferent origin impetus in motives as 
the case with language. Language, 


Herbert Spinden once said, is only a: 














HOW DID WE COME 


r form of art. 
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J A 

euages in process in the world would 
l 


n that speech is highly mutable an 


e regard in form n to the time 
¥ iTS. 
stead of fixity the process of for 
would be di 1 as the play ¢ 


rhter individuals might, as arbiters 


rm, affect the course of style con- 

nt profoundly. 
art such elements enter The 
ent of language in the relation 
relata of design, that is, the sym- 
bols and space compo! s of decorative 


n tim r cert n el! imstances 
ine and are lost perhaps to revive 
in. Sometimes the change _ takes 


n the ancestral environment, for 


Hopi ancient 
nottery decoration and its recent re- 
Walter 


writer. Sometimes the art 


umple, the loss of the 


Few Kes 
] the 
ms to originate from an introduced 
neeption from a higher civilization, 
Vishnu 


rns of the water buffalo in Middle 


as the standing between the 


Celebes designs—apparently either not 
superimposed on native designs or 
minating them entirely. This phe- 


common that no other ex- 


omenon is so 
amples are needed. 

The important cause of the mutation 
of symbols is primarily that no one ean 
really copy, and for this reason the re- 
production of a design leads to changes 
in position, line or form under the hand 
of the artist. Much of this is due to 
degrees of skill noted in the decorators 
in observed tribes. It is found that in 
a tribe of several hundred in which 
there is a general diffusion among work- 
ers of the practice of decorative art on 
pottery one excels, three produce work 
of class and fifteen or twenty rank low. 

This spread is not observed so fully 
in basketry when the mechanical ele- 
ment is enforced by the 
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flow of the design through repetitions. 
There is a tendency of the symbolic 
motive to break up and mingle with the 
relata in such a way as to be difficult 
of identification. These structural lines 
may be bordered on one side with suc- 
cessive wedge-shape figures applied in a 
diagonal order or perhaps an earlier 
method by regular dentation. One side 
of the line generally is so treated. With 
these elements a remarkably complex 
series of designs may be elaborated. In 
some cases a design may be wholly of 
the serrated line arranged in geometric 
or diagonally arranged lines. 

In general the pure line is sparingly 
employed and its use implies a consid- 
erable advance in art. Occasionally 
short lines of various lengths are used 
to produce a shadowy design or a mosaic 
effect. This procedure indicates a later 
and purer decoration. 

There is also to be considered the 
breaking up of symbols into smaller 
units and the addition to symbols of 
modifying elements. The former is 
common in the substituting of a part 
for the whole or the expression of an 
idea conveyed by a part, the work being 
charged with decorative fancy actuated 
by whatever motives, religious or other- 
wise, may control. Especially is this 
seen in the anatomized bird designs on 
Sikyatki ware worked out by Dr. J. 
Walter Fewkes and in the Northwest 
Coast totemic designs by Dr. Boas. It 
is seen that this effort generally produces 
less effective designs than the older 
decoration handling fewer motives, such 
more or less discrete elements prevent- 
ing the free flow of design. 

Wherever data have been afforded for 
comparison it is found that in ruder 
decorative arts there is first the appre- 
ciation of a medium or surface, which 
is the background for design. This is a 


surface built as in pottery or to be built 
in process in textiles, or natural or 
slightly prepared as in bone, ivory or 
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skin or the human integument. 01 
of these surfaces is placed a 
standing alone with only a sill 
relation to the background. 

This design may be repeated 
order, but there is no interconnecti 
the designs and, therefore, no prot 
of the interplay of background sg; 
and pattern figures. These relations 
to be gradually appreciated and w 
out in the course of the development 
decorative art. 

Examination of various grades o! 
forts shows that the problem of spa 
application of designs with relatio: 
the background makes for good or 
design. 

Also repetitive motives in apposit 
almost enforce modification of the sur 
face areas of patterns. Thus by hat 
ing or lining parts of patterns variet) 
secured, and the designs seem to s 
the idea of duality as in Pueblo potter 

Harmony of design and backgrou 
is an evidence of advanced decorati 
Sometimes indeed it is difficult to dis 
engage the pattern and background 
determine which is the pattern ir 
sated by the artist. Complex patter 
in higher decorative art sometimes s] 
the genius of the decorator in the co 
position of a design in which beaut) 
harmony and intricacy are combin 
Sometimes also the product may be com- 
pared to a problem in higher math 
matics. 

Some designs are repetitive and hay 
little meaning except their general r 
ligious intent, as in band decorations or 
borders. 

Often the designer breaks away from 
the customary usage and produces a fre: 
decoration. This is observed especially 
in the pottery of the Little Colorad 
Valley where everything was tried out 
This is evidence of a later development 
when the decorators were freed from the 
trammels of the older black and white 
pottery motives. 
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CONCLUSIONS same } 
Art, like language, has apparently no ‘Stages 
point of origin or continuity of obscur 
pment. They seem, together with si r 

r esthetic and intellectual classes, to t 
sporadic growth. The line of de-_ ture, « 


pment which can be drawn in ma- 
rial eulture is not so evident in the action 
Nevertheless some t] 


tellectual complex. 
may fer- 


as of population pressure, 
e and bring to fruition the 
this complex, on the whole showing 


} 
> elements 


advance. 
Thus we must consider that, as in de- 
never arrive at the of art 


velopment, races 
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CIVILIZATION AND THE MIXTURE OF 
RACES 


E. EB. REUTER 


RSITY OF IOWA 


By Professor 


UNIV! 


WHEREVER the members of divergent 
racial stocks have come into contact 
they have associated to produce a group 
of nondescript hybrid offspring. The 
social and cultural status of these half- 
caste individuals is determined by the 
attitudes of the politically and cultur- 
ally dominant group. They nay be 
accepted as a lower stratum of the 
dominant culture group; they may be 
class l as mem be rs of the xploited 
group, or they may be formed into an 
intermediate class or caste. For a 
longer or shorter time the two racial 
groups may live side by side, in a state 
of relative separateness, each maintain- 
ing a semblance of racial and cultural 
But the hybrid population 
grows by natural increase, by the con- 


integrity. 


tinued intermixture of the races and by 
the intermixture of the hybrids with 
each of the racially separate groups. 
The uniform results are an increase of 
the hybrids at the expense of each 
parent group, the present disappearance 
of racial lines and the ultimate mon- 
grelization of the entire population. 

At the present time the contact of 
racial stocks is incomparably greater 
than at any previous time in world 
history. The rise of modern science 
laid the basis for a new world order. 
It made possible a machine industry 
with an enormously increased produc- 
tion of material goods at the same time 
that it brought new types of communi- 
cation and cheap and rapid means of 
transportation; it made possible and 
inevitable a world-wide commercial and 
economic unity that brought into con- 
tact and association peoples heretofore 
widely apart. But it brought also a 
spread and deepening of popular edu- 
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cation with a consequent g 
objectivity and a weakening 
mental and traditional contr 
operated directly and indir 
economic and int: 
mobility of the individual m 
new freedom, in the presen 


marked differential in econon 
tunity in different regions, g 
sion in an unprecedented n 
This led to the contact and int 
ture of diverse stocks previously 
separated, to the exclusion and 
tion of weaker peoples and to 1 
population of whole continents 
amalgamated stocks. 
This wholesale and in 
termixture of biological strains is, 
tent at least, 


known in the contact of peoples 
} 


unilke anything 


conditions of the miscegenation 
many cases violated convention: 
formal standards and express 
given rise to, serious social disorg 
tion and personal demoralization 
facts as well as the apparen 
consequences have aroused activ 
violent emotional condemnation 
general public as well as many 
students impute great significanc 
this amalgamation of the races. 
prevailing note in the sociop 
discussion is one of pessimism: 


is fear of racial degeneracy, mor: 


cadence and culture decline; an un: 
and unanalyzed sense of impend 


racial and cultural disaster. In s 
cases this emotional attitude has 
expressed in formal and legal as we 
in popular efforts to check the n 
ment already accomplished or b 
control. 


It appears to be fairly well establis! 
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THE 
: a biological fact that neither inbreed- 
outbreeding has any beneficial 
T) e experl- 


1ri0us consequences. 
manipulation of both plant and 
seems to have demon- 
be inbred 


tely without ill effects and that 


al forms 
ted that sound stock may 


effects follow from cross-breeding. 
appear in the off- 
spring are determined by the presence 

enetic 


mediate 


characters that 
factors which come from 


parents of the individual 
The hereditary traits that mark 
ancestral lines appear in the off- 
spring in definite and predi ‘table ratios 
e independent of whether the par- 
the 


al strains. Inbreeding makes 


ts are of same or of different 


’ the appearance of recessive traits, 
while eross-breeding decreases the likeli 
But 


this is simply a question of the presence 


hood that such traits will appear. 


- absence of similar heritable traits in 
the parents and not at all a question of 
Neither inbreed- 
ng nor cross-breeding can produce any 
not latent in the 
On the basis of the biological 
is no reason to 


or eross-breeding. 
characters ancestral 
strains, 
facts and evidence there 
anticipate anything noteworthy as a re- 
sult of the crossing of human stocks; it 
would appear to be a matter of relative 
indifference. But as a 
toric fact the crossing of 


matter of his- 
racial strains 
often has been associated with cultural 
phenomena of utmost 
The amalgamation of 


human signifi- 


cance. divergent 
racial strains seems always to be ac- 
companied or followed by more or less 
profound changes in culture and social 
The facts have attracted 
much attention and have been variously 
interpreted, but the actual relation, if 
any, between the biological fact of race 
crossing and the efflorescence or decline 


in culture is not 


organization. 


generally understood. 
Two opposing doztrines have held the 
field. 

One school has 
that racial stocks 


oecupied the position 
are somewhat grossly 
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ture is a function of a particular racial 
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attention is here limited, t S 
commonly made to den t 
civilization is a possibility for t 
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If the racial groups differ in their de- 
gree of resemblance to the simian forms 
it may be possible to show that they 
represent stages in evolutionary devel- 
opment. In certain respects the whites 
are more sharply in contrast to the apes 
than are other races. This is notably 
true with respect to brain weight and 
size, in which respects they overtop the 
other racial divisions. Assuming a cor- 
relation between the size of the organ 
and the efficiency of its functioning, the 
inference is immediate: the white racial 
groups excel the colored races and the 
north European white stock is superior 
to the other subgroups of the white divi- 
The supporters of this doctrine 
commonly extend its scope to include sex 
and class differences within the given 
society: women are inferior to men in 
size of brain and hence in the efficiency 
of their mental processes; the aristo- 
cratic, leisure, educated, professional 
and other well-fed groups excel the 
socially inferior groups in the average 
size and weight of brain. The greater 
historic achievement of the upper classes 
and of men over women is taken as a 
cultural expression of the biological 
facts. 

The Spencerian position just outlined 
has been supplemented and refined by 
certain findings of experimental psy- 
chology. Recently many different tests 
have been constructed in the effort to 
measure the comparative mental ability 
of individuals. They are designed to 
Séparate native equipment from cultural 
acquisition and measure the former 
apart from the conditioning effects of 
the latter. Experimentation along this 
line has led to the general conclusion 
that white children are superior in na- 
tive capacity to children of other racial 
groups and that the degree of superior- 
ity varies from one subracial group to 
another. There is also said to exist a 
positive correlation between social status 
and native capacity. To be sure, there 


sion. 


is no complete agreement even among 


THE SCIENTIFIC MONTHLY 


the testers themselves, and t] 
been much unanswered criticisr 
technique 
thereon. 


use of this recent device of th 


and of the findings 
But the conclusions 


tory are in substantial agreem 
the conclusions of the Spenceria: 
ment. 

Various writers, 
problem from the point of vie 
historical evidence, support 1 
thesis. They find that the grea 
zations of the world have bk 
achievements of the white race or 
white populat 
**Everything great, noble and 
in the works of man on this ea! 
civilization, derives 


approac 


elements of the 


science, art an 
a single starting point; it belongs t 
family alone, the different branches 
which have reigned in all the eivili 
countries of the universe.’’ The In 
civilization was the work of this gift 
group, while the Egyptian and C! 
civilizations began with colonies 
India. The ancient Greeks and Rom 
in the period of their glory, were 1 
Nordic—‘‘ Aryan’’—than the pr 
day Greeks and Italians, and it 
these superior elements that br 


about the efflorescence of classic cultu 


The modern civilization is said to 


the unique product of the Germar 
**It is a definite species of mai 
kind which constitutes the physical a! 


races. 


moral basis of our north-European «< 
ture.”’ 
France, Germany, the United Stat 
are expressions of this racial gen 


civilization without an Aryan creal 


is impossible. Often it is claimed 

only the Nordic elements of this ra 
division are of cultural worth: ‘| 
less Teutonic a land is the less civil 
it is.’’ In those cases where some 


gree of modern culture has appear 


among the non-white races, the p 
nomenon is understood as a copying 


Western methods: it is an 


rather than a spontaneous native growt: 


imitati 








Col 


err 
Th 


on 








1 would go into rapid decline but for 
model of the really 
superior groups. But some groups are 
said to lack even an ability to copy. 
One modern writer, the 
Negroes, insists that they lack the ca- 


stimulus and 


speaking of 


ity even to comprehend many of the 
elements of white culture and ean of 
irse add nothing to it, though they 
may be able to use some parts of it. 
If racial groups are widely diver- 
nt in mental and eulturs 
capacity it follows immediately on log- 

| grounds that racial injury and cul- 
follow their 
historical 


ability 


must misce- 


large body of 


ture disaster 
genation. A 
data has been marshaled in support of 
the position. Just as t!: flowering of 
the culture peoples was a function of a 
superior racial stock, so their decadence 
followed up their miscege.ation and the 
dilution or extinction of the white racial 
elements. The racial intermixture with 
st the Negroes, brought into the Egyptian 
population as servile laborers, marked 


the beginning of the end of a great 
people. The mongrelized descendants 
) were unable to advance or even to main- 
tain the culture status, and Egypt dis- 
appeared from the family of culture 
nations. Greek immigration, resulting 
in intermixture with inferior and servile 
groups and the sterility of superior 
family lines, increased the relative num- 
bers and dominance of the hybrid and 
- inferior strains and so brought racial 
and cultural decline. Rome is a repeti- 
tion of the story of Egypt and of Greece. 
S; The original stock was corrupted by 
racial intermixture, and the mongrelized 
group lacked the capacity to perpetuate 
the culture. The brilliant culture of the 
Renaissance was followed by an era of 
chaos because the ‘‘caste lines protect- 
ing the Teutonic aristocracy from blood 
: contamination were broken down.”’ 
The cultural distribution of the mod- 
ern world is made to tell the same story. 
The mixed nations are the backward 
The Mexican population is a hy- 


ones. 
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native dial p ps but n t 
the Spanish that 1 ed its | 

that of the nativ men. Sou \me! 
] reneratly S ae | Cu i! 

qu ces OF misceg ation W i S 
Cauly daivergel ind eultur I 
group. In the United States the natin 
Indians were destroyed and the country 
repopulated by a north European stock 


in South America the races 


The present cultural contrast between 


the North and the South American 
countries is cited as a conseque! f 
this difference in racial policy and prac 
tice. French Canada is another case in 


point: the numerous cross-bred French- 
Indian population is superior to the 1 

tive Indian, but so sadly below the intel 
lectual level of the French that the y are 
elther to 
culture or 
Numerous other groups illus 


unable preserve the French 
to assimilate that of 
peoples. 
trate the 
brid 


and decadent 


result of racial crossing: hy- 


groups are everywhere backward 

To persons untrained in the rigorous 
logical processes of scientific thought and 
with superficial 


only a acquaintance 


with the body of historic reality the 
position seems convincing. It is simple, 
direct and in line with the spontaneous 
prejudices. Many writers, striving for 
popularity, have exploited the doctrine 
uninformed and eager audience 
There has grown up a considerable body 
of pseudoscientifie literature that stimu- 
it caters to 
the popular beliefs and prejudices 

A second, opposing, doctrine empha- 


to an 
lates at the same time that 


sizes the importance and the cultural 
desirability of racial amalgamation. It 
is frequently little more than an attempt 
to refute the position just outlined; the 
affirmative doctrine, as often as not, goes 
by implication rather than by direct ex- 
position. The school recognizes the fact 
that racial intermixture results wherever 
divergent groups come into association. 
sut the contamination of a stock by the 
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incorporation into it of other stocks is 
looked upon as an occurrence that 
heightens racial capacity and culture 
worth. The hybrid offspring are likely 
to be, or demonstrably are, superior to 
one or both parent stocks. Racial cross- 
ing foretells an improved race and eul- 
ture. The earlier mixture of stocks ex- 
plains the present cultural status, and 
the present-day mixture is a basis for 
anticipating still greater culture achieve- 
ments. 

Every great people, it is claimed, 
rests upon a mixed racial base. When- 
ever in the history of culture there has 
been great achievement it has been the 
expression of a hybrid rather than of a 
pure racial stock. ‘‘All historical na- 
tions have been of mixed blood.’’ ‘‘The 
rise of culture in Greece and Rome, as 
indeed in western Europe, was in every 
case preceded some centuries by the con- 
quest of one racial type by another and 
their subsequent amalgamation.’’ The 
achievements of the modern world are 
the cultural expression of hybrid stocks. 
England, Germany, the United States— 
the population of every modern nation 
—is a composite of imperfectly blended 
stocks. The culture achievement is a 
function of this fact. Effort is also 
made to show that many or all great 
men are of mixed racial stocks. 

The general position is supported by 
evidence drawn directly from the char- 
acter and status of mixed-blood indi- 
viduals and groups in the present-day 
world. Where two divergent groups 
associate to the production of an inter- 
mediate type, the achievement of the 
hybrid individuals as well as the cul- 
tural status of the mixed-blood group as 
a whole is superior to one, at least, of 
the ancestral types. Cases are cited 
from every area of miscegenation. The 
mulattoes resulting from the association 
of Negroes and whites in the United 
States are superior in status and accom- 
plishment to the unmixed Negro group, 


and individuals are often 
average of both the ancest 
With few exceptions every 
Negro who has risen above 1 
has been of mixed racial par 
somewhat similar condition 
exist in other similar areas. 1 
hybrids of South Africa, the \ 
Brazil and elsewhere are, on t 
culturally above the native « 
their ancestry. In some ca 
hybrid groups have produce 
real caliber. In nearly ever 
American Indians who hav 
pated in the European culture 
men of mixed ancestry; appa 
American Indian of full blood 
above mediocrity in, and m 
the culture standards of the 
group. The French-Indian ly 
Canada are individually and as 
above the culture level of the 
ancestry. The mestizos of M 
Latin America, the hybrid Eskin 
Hawaiian and Philippine mixtur 
numerous other minor groups of 
ized stock are in culture and 
status above the level of one at 
the racial ancestors. 

The same general position 
ported by a body of negative 
The population groups in the 1 
world with the highest approximat 
racial purity are just those gr 
most meager cultural accomplis 
The fragments of primitive grou; 
living are the purest in blood 
lowest in culture of existing popu 
In America the white stock wit 
lowest index of recent racial int 
ture are the southern mountai! 


They are at the same time the most 


turally retarded white group 
American population. 

On the basis of such selected 
is possible to maintain with some 
of evidence the position that cult 
dependent upon the intermixture r 
than upon the purity of racial sto 
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S conflict d rine must hav 
Ss in somet! y | f ru an 
a simple dilfe1 t read 
acts; contusion < I ight 1s 1 
sistent in the presence of examin: 
ssumptions and 1 l definitions. It 
sirable. therefor to turn from t 
sitions occupied e major logical 


position upon which they are 


S 


i} 
erected. 
This presupposition, sometimes < 


tely recognized and stated, sometimes 


ognized and naively assumed, is 


4 


hat culture is a function of race and 


rrows and declines with changes in tl 


assumption that a causal relation ob 


_ 


‘composition of the racial stock. 

The position of the racial purists, as 
hat of their opponents, rests upon the 
} 
ains between race and _ civilization. 
oth give a racial interpretation to in- 
titutional growth. Civilization is as 

med to be a function of race, an ex 
ression of racial qualities. Whether 

position occupied be that culture 
lorescence is a result of racial purity 


r that of hybridization, or that culture 


decline is a result of miscegenation or of 


1 


nhra : h act F ’ ; ; a+ 
ibreeding, the basic assumption is that 


e culture facts are in some direct way 


determined by the fact of biology. The 


tenability of either positi mn, therefore, 


St 
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turns upon the soundness of this as- 
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observation of gross physical differences 
leads to the position that there are cor- 
responding mental differences which, in 
turn, account for the 
variations in culture. The prominence 
of the European Jew in financial circles 
leads to the position that the group is 
somehow peculiarly endowed for com- 
mercial venturing. The poverty and 
ignorance of the Negro are commonly 
accounted for in terms of a native men- 
tal incapacity consequent upon the fac- 
tor of race. The more culturally aggres- 
sive peoples of the day are of north 
European origin; the inference is easy 
and direct that their cultural status is 
an expression and a consequence of the 
racial factor. 

This type of common-sense explana- 
tion arises spontaneously in the presence 
of any group of phenomena in spacial 
proximity or temporal sequence. In bio- 
social phenomena it tends to persist 
partly because its flattering implications 
do not offend the dominant races and 
classes and are not so subtle as to escape 
their attention. Moreover, the doctrine 
puts the ineffective classes and retarded 
races somewhere outside the strictly 
human groups to which the ethical im- 
perative applies and so affords a basis 
and justification for the urge to use and 
exploit them. 

But the assumption persists in part 
for the reason that the objective relation 
of the biological and cultural facts has 
not been adequately emphasized. It is 
difficult to find anywhere in the litera- 
ture of biosocial reality a clear analytic 
statement of the interdependent rela- 
tionship of organic and social reality. 
The spontaneous common-sense views, as 
well as the rationalizations in justifica- 
tion of colonial and other types of ex- 
ploitative policy, are able to persist 
because of this absence of a definitive 
analysis of the relationship of the fun- 
damental processes. 


are assumed to 
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Race, whether the word be us 
designate a biological entity or mer 
relative biological stability subs 
to intermixture, is a product of ji 
ing. The heritable divergences 
in any stock become established as : 
marks in the degree to which th: 
viduals bearing the marks are str 
ally or otherwise isolated. In th 
ing of plants and animals 1 
establishment of a new line, or 
maintenanee of a thoroughbred s! 
individuals showing the desired ¢! 
ters are separated from others ar 
bred in order that the traits ma 
fixed and characterize the strain. \\ 
out such separation there is cross-b: 
ing, mixture of characters, the pr wi 
tion of hybrid offspring. Exactly 
same thing is true of human for 
Purity of race is a result of variat 
followed by long periods of isolation a: 
close inbreeding of the variant for 
The heritable racial marks are fixed 
inbreeding; they are lost in cross-bri 
ing. Without a long period of isolat 
whether it be maintained by spa 
separation or by conventional barri 
distinctive racial marks are lost 
purity of race is non-existent. The on): ce 
human groups of even relative ra 
purity are those that have been se; 
rated from foreign contacts and inbr 
through long periods of time. Some 
the Eskimos, the American Indians 
the Southwest deserts, the interior tri 
of Australia, the Andaman Islanders 
the hill folk of India, are among 
human groups that most nearly appro: 
mate purity of racial Their ty 
purity is the result of their isolation 

Cultural development, on the ot! 
hand, is a consequence of social c 
tacts. Isolation results in cultural u 
formity; in stability and fixity 
standards; in a régime of suppressi 
of law and order; in traditional b 
havior and cultural stagnation. Soc 


stock. 
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tact means the introduction of new 
gs and methods and divergent 

S The new may come cours 
ih independent invention and dis- 
which disturb traditional prac- 

s and beliefs and initiate social 
ince. But in general the contact of 
es is a precondition to culture 


Historically, every civilization 

is followed upon a period of migra- 
Every European culture followed 

l 


n the contact of different triba 

‘ks and cultures. The contacts re 
ilted in the introduction of divergent 
standards and practices and in the 

‘eakdown of cultural equilibrium. All 
progress is made in periods of disorder 
when individuals are freed because the 

rmal controls are ineffective and the 
primary controls are conflicting. And 

ange, by contributing to the disorder 
is itself a factor in further change. 

The two processes thus stand in 
fairly definite and sharp contrast. Iso- 
lation is an essential precondition to 
racial purity. But the uniform and in- 
evitable effect of isolation is cultural 
stagnation and retardation. The people 
most pure in race are most retarded in 
culture. Contact, on the other hand, is 
a condition essential to culture growth. 
It brings the divergent standards, the 
strange beliefs, the new practices and 
the fruitful ideas and methods which 
disorganize the established order and 
free the individual. On the biological 
side, the uniform effect of the contact of 
races is a mixture of blood and the ulti- 
mate production of a modified racial 
type. But the biological intermixture is 
aside from the cultural development: 
both result from the contact of peoples 








trary to the 
the mores; 
monial and 


moral stand 


posed, forbidder 


in these ear] 


form of soc 
ributes to si 


and confusi 


traditional sex 


to racial misceg 


lal 












FIRE, A PROBLEM IN AMERICAN FORESTRY 


By E. I. KOTOK 


DIRECTOR, CALIFORNIA FOR 


AN annual crop of 158,000 forest fires 
in the United States explains why Amer- 
ican foresters devote much of their time 
and effort to the problem of fire control. 

Forest fires, although they have in- 
creased in number and severity within 
the past half-century, are not a recent 
phenomenon in American forests. They 
were prevalent through the centuries 
now past, as a result of both natural and 
artificial causes. Within historic times 
we find the earliest European travelers 
in America speaking of sweeping holo- 
eausts that scourged the forests, black- 
ened the skies and drove game animals 
before them. These reports are not re- 
stricted to one locality; they are men- 
tioned in accounts from Maine to 
Florida, and from the Atlantic to the 
Pacific. The observations of European 
botanists who visited this continent in 
the early days of its history contain 
some very keen comments on the effects 
of fires on the flora and forests. Even 
Dana, in his ‘‘Two Years Before the 
Mast,’’ vividly describes a raging forest 
fire on the mountain sides near the pres- 
ent site of Santa Barbara (1840). Mark 
Twain in his own impish way recounts 
his setting fires in the Lake Tahoe region 
just to enjoy the spectacle. 

But we need not rely on such historic 
and literary evidence to know that for- 
est fires were common in American for- 
ests. The forests themselves offer the 
best evidence of what has taken place. 
For example, the fire history in the Cali- 
fornia pine region has been partially 
reconstructed from the evidence of fire 
sears left during past centuries on thou- 
sands of trees. Fortunately, in the 
process of healing, each fire wound has 
been carefully covered by a layer of 
woody growth, thus preserving the scar 


450 


EST 


EXPERIMENT 


as a permanent and indelible ré 
fire that 
Even after the lapse of centuries 


a once covered a riven 


possible to count back the numb: 
annual rings overlying the sear, a: 


determine the exact year of inju est 
Boyce, in his study of ‘‘Dry Rot i V 
ecense Cedar,’’ which required cutt in 
down in sections thousands of trees du 
nished the most complete record bi 
on fire scars in the California | 
region. This study extended from 1 tin 
Oregon line, through the Sierras, to 1 ing 
southernmost part of the California T! 
region, and this territorial cross-sect ag 
gives an adequate basis for drawing In 
picture of the fire history for a larg 
region. We find in this material sal 
the earliest fire recorded was in 1 ple 
From about 1700 the frequency of s bos 
increases, and the fire history can | 
more precisely followed. for 

So it is found that there have b eli 
bad fire years in which fires cove! m 
practically the entire area of the | wa 
region. At an average interval of « mi 
years and dating back at least to the er To! 
of the seventeenth century, fires r by 
through the timber, leaving their mat m 
just as fires do to-day. The years 168 an 
1690, 1699, 1702, 1708. 1719. 1726. 173° t10 
1743, 1747, 1757, 1759, 1766, 1786, 17 fri 
1804, 1809, 1815, 1822, 1829, 1837, 184 sil 
1851, 1856, 1865, 1870, 1879 and 1889 str 
were bad fire years, as indicated | 
thousands of scarred trees throug! str 
the mountains. The shortest period in; 
tween fires is three years, and the | by 
est eleven for the pine region as a w! of 

Huntington’s investigations of 1 th 
Sequoia washingtoniana enables us 
earry the fire history as far back co 
A. D. 245. of 

The query arises, if fires have alwa: 
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vailed in the forest and nature has 

en able to adjust itself in their rees- 
tabushment, why do foresters place such 
phasis on the importance of complete 
The 
answer, of course, lies in the fact that 


i 


exclusion in American forests? 


forester is concerned in producing 
nd maintaining maximum values in the 
rest. Fire is not compatible with this 
bjective. 
tes that even in the finest virgin for- 


ests we do not find anywhere near the 
volume of cellulose which forest lands 


Evidence everywhere indi- 


under complete fire exclusion can pro- 
duce. For example, on the best sites in 
the California pine region, areas carry- 

ry an average of 35,000 board feet of 
timber per acre are considered exceed- 
ingly dense and productive forests. 
These virgin forests represent an aver- 
age age in standing timber of 200 years. 
In contrast to this value, we find on 60- 
year old second growth stands in the 
same region, where fire has been com- 
pletely excluded, a production of 80,000 
board feet of timber per acre. 

The virgin forest as the white man 
found it was the product of and 
climate in which fire was an important 
In some regions fire 


which 


soil 


modifying agent. 
was the major dynamic force 
moulded and shaped the character of the 
forest. Whereas endemic infestations 
by insects or parasites always affect 
most seriously the older tree age classes 
and forward the processes of decomposi- 
tion of single species, fire takes its toll 
from all age groups and all species 
simultaneously, even including the de- 
struction of soil. 

Fire in the virgin 
structively in many ways: 1. 


forests acts de- 
By burn- 
ing down previously fire-searred trees 
by the process of undercutting the base 
of the tree so that it can not withstand 
the mechanical strain placed upon it. 

2. By _heat-killing, either 
complete destruction of foliage or, more 
often, the killing of the cambium layer. 

3. By burning part of the crown and 


causing 












reducing the vigor and rate of 


of individual trees 

4. By reducing of vigor, increasi 
susceptibility to insect § attacl 
through sears offt yr opportur S 
infections by fungi 

o. By completely wiping out younger 
stands of tr Ss t! Ss ling and 
ling stage which should form the sub 
quent crop after the cutting of the 1 
ture stands 

6. By reduction of the sit 
through the removal of organic n 
and accelerating the process 

Even the lightest fire may produ 
some of these deleterious resu 
intense fires, under adverse climatic ¢ 


ditions of high wind and low humidity 
or where fuel content has been increased 
through slashing of the forest, complet: 
destruction over large areas may be ex 
pected. 
In the 


once begins its processes of restoration 


or each fhre natur 


wake 


¢ 


through a series of ecological succes 
sions. In these successions the m 

fire-resistant arborescent species and 
frequently the least desirable replace 
the more valuable commercial species 


There are, however, many exceptions t 
this rule, where the climax types have 


been wiped out and the temporary types 


include very valuable commercial sp 
cies. In all these processes nature takes 
abundant time. The forester, howev 


is confronted with the alternate problen 
of maintaining continuous forest values 
within reasonable time limits Fire ir 


troduces a factor of delay and uncer 
tainty. 

So far, we have discussed the problem 
from the standpoint of cellulose produe 


tion and the effect of fires on this pri 


duction. Forests have, however, other 
important values which are seriously in 
paired by fire. In the western United 


states, 


significant 


where forests have peculiar 
bearing on water resources 


} 


a single fire, by the removal of the ve 


tative cover, may produce disastrous r 
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4 


sults to de] lent agricultural lands. 
Our experimental data show that | 


moving through fire the litter, humus 
and organic mat il in the forest there 


Vy re- 


will be an increase of immediate run-off 


one hundred fold, and of eroded mate- 
rial one thousand fold. Where a forest 
becomes an important watershed it is 
obvious that every fire is a threat to de- 
pendent agricultural land areas. Time 
here is again an element of importance. 
Fires in the past affected the water cycle 
just as they still do, but nature had un- 
limited time in which to readjust a 
balance. 

It is safe to say that there are no 
forest regions in the United States, par- 
ticularly in the commercial tree belts, 
that are free from evidence of past fires. 
From this it does not follow that fires 
have affected the forest adversely to the 
same degree in every region. In a re- 
cent preliminary study in which an 
effort was made to determine the relative 
protective needs against fire for the va- 
rious regional national forests, an inter- 
esting relative scale was evolved indica- 
tive of damage to forest values for the 
important forest types of the United 
States. While this scale is based on the 
most accurate information of damage 
studies available, it can be accepted only 
as a tentative guide pending the accu- 
mulation of more accurate data from far 
more intensive studies. In determining 
the degree of damage that follows fire, 
these factors were considered : the extent 
to which tangible forest values were de- 
stroyed; the degree in which the pro- 
ductive capacity of the forest was re- 
duced; the probability of reestablish- 
ment of the forest within a reasonable 
period. 

Part of this tentative scale is included 
here merely to illustrate how variable 
the effects of fire may be for different 
forest types, and also how important the 
forest type itself may be in considering 
the fire problem for a given region. The 
spread in damage between forest types is 


considerable, being heavie 
with the deepest duff lay: 
more uniform age groups. 

The relative damage ma 
pressed as follows (unity 
highest damage): Spruce, 
pine, 1.0; Douglas fir, 1.5; W 
low pine, 2.0 to 4.0; Nor 
woods, 1.5; Appalachian | 
5.0; Longleaf pine, 1L.0; S 
10.0: Loblolly pine, 7.0: Sh 
7.0; Lodgepole pine, 5.0 to 8. 

The degree of damage that 1 
a fire in a given type is hig! 
of our valuable forests, as, for « 
the spruce, white pine and D 

The forester’s interest in fil 
‘in the fact that his crops, forag: 
ber, ready for harvest, are thr 
that his lands may lose in prod 
and these losses impair the \ 
his property immediately. The f 
must have an accurate knowleds: 
to understand fully how it has m 
and shaped the forest as he finds it 
this knowledge can be founded a s 
silviculture, and methods for com 
successfully and systematically 
threats from fire. 

With increased use of the 
areas of this country, and with tl! 
velopment that has followed, fores 
have been generally accepted as a 
sary evil. Whole-hearted public 
port in the prevention of fires, in 
of all the evidence of their destru 
ness to our forest resources, has n 
been attained. Strange as it may s 
we still hear men of science offer 
ments in our western United Stat 
support of ‘‘Indian forestry’’ ar 
light burning of our forests—a t 
and a practice evolved by selfish 
ests, misguided into the belief that 
fires bring forth luscious forage, b 
ful game and open, park-like for 
Until the forester is able to secure 
sonable fire exclusion, the develop: 
and use of our western forests will 
delayed for untold centuries. 
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A THIRD ALTERNATIVE: EMERGENT 
EVOLUTION 
By Professor ROBERT K. NABOURS 
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mm and expl itat f the doctrine of 
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gists. According to t 
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very event should be 
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man have all been apparently in line 
with the tenets of mechanism. Bateson 
has also quickened the imagination of 
the mechanistically inelined by the sug- 
gestion of the analogy of the breeding 
cages and pens of the geneticist as in- 
struments comparable with the test-tubes 
and mortars of the chemist, and the be- 
havior of the genes (hereditary factors) 
as resembling the chemical elements in 
analyses and syntheses. Studies in 
human heredity, as initiated by Galton 
and earried forward by Davenport, 
Laughlin and others, have revealed that 
such discrete characteristics of man as 
are available for study, and there is now 
a long and imposing list, follow definite 
and predicable rules with as much regu- 
larity and accuracy as are inherent in 
other features of science. 

Thus it has come to appear that bio- 
logical phenomena, until recently re- 
garded as in the hands of a fickle god of 
chance, or directed by categories of 
capricious entelechies, might be subject 
to a considerable degree of quantitative 
predication. The prodigious array of im- 
pressive achievements, hardly begun to 
be described here, has gone far to in- 
crease the conviction that the mechanis- 
tie conception, hitherto mainly reserved 
and restricted to the physical sciences, 
would also serve to explain vital phe- 
nomena. 

That extraordinarily beneficent and 
manifold improvements in the material 
welfare of mankind have acerued from 
this swinging of the pendulum from the 
régime of whimsical, inconsistent and 
depleted vitalism can not be gainsaid, 
and on this account the movement is not 
to be deplored. However, from the 
standpoint of free-will, or optimistic 
self-determinism, the materialistic as- 


sumption appears to many as contribu- 
tory to pessimism, and highly subversive 
of the hopeful and purposeful initiative 
which to this time has been regarded as 
one of man’s most salutary, differentiat- 
ing and conspicuous attributes. 


The third alternative is the do 
emergent evolution, so-named, | 
first suggested, by C. L. Mors 
supported by Alexander, Spauldi 
lars, Smuts and others, some of 
have given the hypothesis the des 
‘‘ereative synthesis,’’ 

This doct 
sumes that examples of emerge: 
incoming of the new, beyond th: 
putable, additive or resultant 
tions, though still subject to the p 
ities of the components, are to be ob 

in practically every feature of th 
verse, aS water from the synt! 
hydrogen and oxygen, common salt | 
chlorine and sodium, gunpowder 
the mixture of sulphur, charcoal 
saltpeter, words from the letters of 
alphabet, green from uniting yellow 
blue and the chord from the combi: 
of musical tones. In the whole y 
substances and episodes from ato 
solar system, from monera to man, : 
from antdom to kingdom, in all the 
plications of the latter word, there is: 
and inevitably this incoming of the 1 
which, though depending on the cha 
teristics of the constituents, is inc 
putable, more or less, than, beyond 
below, and never the same in all resp 
as the accretive resultance of the se’ 
component elements. 

As in the examples suggested, e 
diserete feature of living as well as 1 
living substance may be regard: 
superadvenient over, or extraneous 
the mere sums, mosaics or additiv: 
sultants of their respective, constitut 
parts. The laws relating to and gov 
ing the whole are also comparably 
restricted and peculiar to it as the 
attributive to and controlling the s 
eral constituents are exclusive and 
ited to them, and those of the one 


terms 
cism,’’ ‘‘holism,’’ ete. 


not be even adumbrative of the others 


What could be more surprising than t 
such a novel substance as water sho 


be the outcome, not the mere sum, of t 
uniting in a certain way of two su 
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EMERGENT EVOLUTION 


vases aS hydrogen and oxygen? 


What 


an emergence of new properties! It 


ust one more element, carbon. be utilized 


it an array of emergent substances 
ind forces may the chemist produce for 
ns. ineluding ether, if these elements be 
combined in the one way, or ethyl alco- 
hol when there is another arrangement 
of them. 


familiar with the preparation and use of 


If we were not so commonly 


such compounds, so dissimilar are they 
from, and so completely do their various 
properties dissimulate those of, their re- 
spective component elements, it would be 
difficult to believe our senses at a first 
experience with their production. 

In order usefully to conceive of emer- 
gence, stress must be placed on the in- 
coming of the new, the supervenient 
properties of the various products of 
combinations and syntheses of atoms, 
molecules, crystals, protoplasmic cells, 
organs, hereditary characteristics, color 
patterns, individual organisms into socie- 
ties, and functions of cells, organs, indi- 
viduals and subgroups. Thus they are 
more than the sums of the attributes of 
atoms, though still consequent upon their 
peculiar functions, that characterize the 
various molecules they make; a proto- 
plasmic cell (example, ameba) exhibits 
properties that utterly adumbrate those 
of its constitutive molecules (does water 
any less?) ; the mule is more vigorous, 
and, in most respects, superveniently 
different from the mere 
mosaic, of the several qualities of the 
ass and horse parents, and the catalo 
is far from displaying nothing but an 
addition or mosaic of the respective char- 
acteristics of cattle and buffalo. It 
might be challenged if there is any ob- 
ject or substance, beyond the protons 
and electrons, non-living or living, from 
atom to galaxy, which is not actually an 
advent of the emergent new. All the 
pages of this journal for a period of 
years might be devoted to a still incom- 
plete list; ‘‘it is beyond the wit of man 
to number the instances of emergence.’’ 

I have, elsewhere (Science, April 11, 


accret ion, or 


1930 lately 


ipparently | 


tween the S} 


lution and the more 
f hybridism. P| 
bandmen have, 
noted that the 
‘rossbreeding of 


distan 


somewhat ; 
varieties or even int 
likely to be wid 

though still depending 
be conceived of as a mere 
or addition of the attributes of 


ous individual parents 


eXcesses in 


usually ’ 
other properties over those obtaining 
either parent, and not infrequently 
appurtenances of the hybrids were 
superveniently extraneous as near) 
completely to dissemble those of 


The 


knowledge of 


strains. ability t 
from a 
the 
been a fascinating feature of hybridism 


inal 
results 
erties of parents used has always 
If we were not so familiar with the pro 
duction of most of our common hybrid 
which are not 


plants and animals (and 


9 


hybrid { 


or if we should approximate 
precision 1 


their 
qualities and accessories, as compared 
with those of the 
their production, the n 
emergent properties would be so marked 


in estimating several 


races that enter into 


velty of their 


as to amaze us. 

There are thousands of 
dahlias, to 
only one more case, and yet it is known 
that they have all 
comparatively few 


named varie- 


ties of the common suggest 


derived from 


been 
elementary strains 
Such examples might be augmented from 
both biological 
In fact, 
know, there is 
or animal, domesticated or wild, which 


kinedoms ad infinitum 
as biologists generally we | 
higher 


not any plant 


is not, in some of its most essential as- 
pects, the extraneous emergence of hy 
bridism. It too 
state that hybridity has been the 
which the 


may not be much 


to 
efii- 


cient, ultimate agency by 


fortuitous, mutant properties of all 
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varieties of sexually reproducing organ- 
isms, including man, have reached, or 
may attain, whatever grade of super- 
venient emergency that they now or may 
in the future occupy, whether it be 
among the vast majority that perish, 
those that are suffered and _ linger 
awhile, or the presumably relatively 
few that through the operations of nat- 
ural selection survive to carry on. 

l’'rom the view-point here stressed even 
mental progression in animals and man 
may be regarded as so many levels of 
emergence, and with no more resort to 
the exigency of vitalism than is required 
in the consideration of the uniting of 
substances and the resulting superve- 
nient products to which attention has 
already been directed. Societal forces, 
whether among insects or men, are also 
now recognized by ecologists and sociolo- 
gists as being incomputable, impredi- 
eable, and following laws of their own 
which are usually different from, though 
depending on, those intrinsic in the lives 
and laws of their respective, individual 
constituents. Since ‘‘there is not on the 
planet a single animal or plant that does 
not live as a member of some biocenose’’ 
(societal emergence), and since each 
higher organism is, in itself, a super- 
venient emergent of the hybrid combina- 
tion of hereditary characteristics and 
the genetic factors involved are incal- 
culable in numbers, and new characteris- 
ties are continually coming into existence 
through mutations and old ones disap- 
pearing, it is not difficult to comprehend 
at least one thing about the future of 
organisms on the earth, and that is the 
futility of prediction or prophecy with 
respect to the possibilities of any indi- 
vidual or society, whether of plants, ani- 
mals or men. 

Furthermore, from the view-point of 
emergent evolution ‘‘each higher quality 
(emergence) plays the part of deity to 
that which lies below it.’’ This rather 
advanced view is more adequately de- 
veloped by Alexander in ‘‘Space, Time 


and Deity’’ and by C 


whose reasoned discussion 


reader should by all m 


L. 


1 
+ 
S Ui 


ean 


1A 


~ 


may not be without the bounds of 


to suggest that this suppositir n 


utmost importance, for i 
render deityship, perhay 


entirely unacceptable in 
sonable and tenable to tl 


so 


t ma 


¢ 
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religi 


e m 


and practical minded of men. 


of t} 


— 


possibly be at least part 


of the existing impasse 


wi! 


initted on all sides, and without si 


violence either to science 


means of approximating 


or 
‘¢+} 


re] 


man would like it imaginativ: 


actually] superimposed on t 


it really is.’ 
The idea of emergent 
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} 


VW 


evolutio 


been received with auspicious cor 


in America, as well as elsewhere 
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Wheeler, G. H. Parker, 1 
H. H. Laughlin and ot 


IS 


her 
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science and thought, besides 


ready mentioned, have 


thos 


espouse d 


supported the hypothesis TO some ¢ 


and in one way or anotl 
publications, Dr. Jenni 
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‘‘the doctrine of emergent evolutio1 
the declaration of independence 
biology.’’ Undeviating allegiance 


now be devoted to the 


experin 


method with the living as it is wit! 
no 


non-living. The _ biolog 
needs to apologize fer 
‘‘the prevalent dogma 


to study the inorganie.’’ 


ist 
not 


accept 


that 
method of learning about the organ 
What is 
implied concerning the liberation of 
biologist may as well apply to the sit 
ation of any reasonable, educated | 
son. Thus the apprehension of e1 
gence, or emergent evolution, is ap] 


1 


the 


ently finding a welcome, in one wa} 
another, among a number 
phers as the more competent cour 
avoiding facile, pretentious 


sourceless mechanism, on the one sid 


and crude, irrational 
vitalism on the other. 


and 


of 


} 


phil 


and 


ye 


insolvent 
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paper discusses one of the ¢ 
; > . ; 17 i T 
sical fields of mathematics—the t ry 
of probability—tracing very briefly its ; 
. ° . [a . ° ’ T I a” na i 
ntent and significance. It is hoped ‘ 
the reader will be convinced that ‘ 
number ( 
re is no other branch of mathematics ; ‘ded 1 
. soe divided by tl nul 
h touches science and every-day life |. satis 
° ° RELY isesS, i D 
so many and such important points : 
5 : rowing a hi vit] s 
In fact, it will be argued that the theory 
probability plays such a fundamental 
and suc h an all in ‘lusive role that one ’ 
— . . ’ —e probal ; ne a 
is justified in the paraphrasing of the “4, 
' =e ’ 7 1 adeckKk IS ¢ ll since T I 
title of Lord Haldane’s recent book, and 
4] =o e 4] re F ¢ = LWO Cases, rie | W 
in the speaking of the ‘‘reign of prob- : 
: ; able. To ider a somewhat 
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The theory of probability had an un- is the probabilit one di t t 
savory origin. Nearly four centuries ter ‘‘h’’ It is 1/26, sine 
ago a professional gambler, Chevalier equally likely letters, only one « 
de Méré by name, discovered (presum- is ‘‘favorable.’’ W s the p ty 
} ] 





ably from his check stubs) that the odds_ that the next letter chosen be ‘‘e’’' it 
were better than even that a 6 appear’ is again 1/26. What is the probabilit 









at least once in four successive throws of thus sp xr by chan 

of a die. His clientele, however, seem ‘‘he’’? According to a fundament 
to have tired of this particular game, law, the probability of the occurrence « 
and de Méré tried to invent a new one’ two independent events is the product of 






to stimulate the market. He reasoned their respective probabilities. 1 





that two dice can show six times as many probability of drawing first an ‘‘h’’ and 






combinations as can one die; and that then an ‘‘e’’ is » product 
therefore in 6x4 or 24 throws of two 1/26or 1/676. This p: 
dice, the odds should be better than even and intriguing gener 
that a pair of sixes would appear at least Hottentot in front of a linot 
onee. Unfortunately for his bank bal- What is the probal 







ance his reasoning was quite unsound, pose, by chance, 






the number of throws he could have cian Urn’’? Blindfold George Bernard 





safely bet on being actually twenty-five Shaw and put him in 
rather than twenty-four. De Méré con- writer with interchanged type bars. 
sulted the philosopher-mathematician What is the chance that he would repro- 
Pascal, who corresponded on the problem duce one of Bruce Barton’s uplif 
with his friend Fermat; and the junior mons? 

elective, Mathematics 118 (Tuesday and The entire elementary development of 


c 










Thursday at eleven with a third hour to the subject is a process of inventing 






be arranged), was founded. convenient analytical ways 
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the definition of probability just stated 
and illustrated. A mere counting of 
equally likely and of favorable cases is 
possible for simple problems. But it is 


easy to construct apparently simple 
problems in which it is difficult to earry 
out this enumeration of total and equally 
likely cases. For example, an even num- 
ber of balls is drawn out of a sack con- 
taining half white and half black; what 
is the probability that the sample is half 
black and half white? Again, two in- 
tegers are chosen at random: what is the 
probability that they be relatively 
prime? Again, n balls numbered from 
1 to n are mixed in a sack and drawn 
one at a time; what is the probability 
that not a single ball be drawn in its 
proper order? That is, what is the 
probability that never is a ball labeled 
*‘r’’? drawn on the r-th draw? The 
numerical answer to this last problem is, 
for reasonably large n, the number 1/e, 
where e is the familiar Naperian base 
2.71828. .. . This result has been re- 
cently rephrased in the following post- 
prohibition form. ‘‘If every inhabitant 
of Chicago got drunk and went home by 
guesswork, the chance that at least one 
would get back to his own house is almost 
two out of three.’’ 

After one obtains, from such interest- 
ing but comparatively trivial examples, 
a facility in the elementary technique of 
the subject, he proceeds to the study of 
those more refined and powerful meth- 
ods which enable him to deal with cases 
involving a very large number of pos- 
sible events. Here the addition process 
of enumeration is replaced by integra- 
tion, and the student meets the so-called 
probability curve. One studies, at this 
stage, the theorem of Bayes, which deals 
with the probability of the causes of 
events; and he applies the theory of 
probability to problems of measurement 
to obtain a theory of errors. One proves 
the theorem, due to Bernoulli, which is 
usually referred to as the law of great 


numbers. This law admits that 


knows whether a single coin wi 


up heads or tails, but states that 


repeatedly tosses a coin, the prol 


gets closer and closer to one (certai 
that the ratio of heads to total nw 
of trials will differ from one half 


little as one pleas 


es. 


If a millior 


be tossed, one can expect that the 
of heads to total trials will be n 
In fact, what is the chance that this { 
tion will differ from 0.5 by as mu 

3 per cent.? The probability of 
occurring is so small that such a d 
tion would actually occur, on the 
age, only once, were every perso? 
earth to perform such an experiment 1 
thousand million times a second for 


centuries. 


At this point in his study, the st 
begins to meet problems that sound 
like Monte Carlo and more like the 1a] 
ratory, the office and Main Street. 


1. A grocer sells, on the average, 5 


of ‘*‘Cream of Whe: 


t?? 


| 


a week. How 


ought he to stock every Monday morni: 
order to reduce to one chance in ten the I 


bility that he will have to refuse a sak 


2. What is the probability, in an elin 


; 


na 


tennis tournament involving thirty-two | 
that the best and next best player will act 
meet in the final contest? 


3. The ‘‘Big Bertl 


” 


1a’’ shells fell in 


the points indicated on a given map. 
the probable direction of the gun? 
4. A company manufactures millions of 


Par 
Wh 


tric light globes, which are shipped in cart 


of one hundred globes. 
cartons and what percentage of ligh 


earton should be tes 
thousand the chance 


ted te 


that 


What percen 


» reduce to ¢ 


there is m 


one defective globe in each carton? 
5. Two separate field parties come bac} 


the office with sets of surveying measurements 


tage 
ri 

S 
yne 


re 


taken of the same distances and angles. H 
should these data be combined to produce 

best result? If two thousand dollars is av 
able for raises in salary, these raises to 
based solely on field proficiency, how should t 
sum be apportioned between the two parties? 


6. Data are taken in the laboratory and t! 


plotted experimental points seem to lie roug! 


on a straight line. 
line? 


What 


is the best 


straig! 


} 








THE REIGN OF 











are drawn showing 


Curves 













es over a long range of years 
the wave-like fl 


ictuations in 
ssess a truly periodic character? 
8, Fifty dogs which have been infected 


disease are given a treatment which it is 


sired to test. Thirty of the dogs get well, 
1 the rest die. A control group of fifty more 


gs is infected but not treated; and twenty 


Does the experiment give 


ee of them die. 


for confidence in the treatments? 


basis 


freshmen are 


thousand university 


9. Three 
ven entrance and intelligence 
Their ersity record is 
iter tabulated al 
What correlation exists between 
the tests and the actual subsequent 
? Do these data indicate a 
basis for advising incoming freshmen? 
10. A government is setting up a 
Teachers Saving Act. What must the 


+ + 


tests in various 


ibjects. entire univ 
} 


nese 


test grades. 
the 


ng with t 
prediction 
per 
sound 


rormance 


state 
income 


fund derive from taxation in order that it be 
statistically sound; that is, in order that the 
probability be reduced to a safe level that a 


series of unusual demands bankrupt the fund? 

11. In a fertilizer experiment, one fourth of 
he total land to be used kept unfer- 
tilized as a control. How should the total land 
be geometrically divided up into experimental 


t} is to be 


plots and control plots? 

12. What is the probability that every mem 
ber of a jury the of confusing 
and doubtful evidence, vote wrongly? 
13. In the city of Edinburgh 49 per cent. of 
the girls of school age have fair hair and blue 
eyes, while in Glasgow 51 per cent. have fair 
Is this discrepancy large 


will, in face 


hair and blue eyes 
enough to be significant? 

14. A given quantity is measured ten 
conditions. 


times 
under uniform experimental One 
of the results differs from the average by three 


times as much as does any other result. Is one 
justified in discarding it? 
15. Taking account of the growth for the 


last one hundred years, what is the probable 
population of the United States in 1950? 

16. White female rats and black male rats, 
both from a mongrel strain, are bred. Each 
succeeding generation is produced by choosing 
white females and breeding them with white 
males of a pure strain. What is the 
probable percentage of black rats in the r-th 


white 


generation? 

17. In a certain gas at a given temperature 
and pressure, what is the probability that a 
molecule will have so great a velocity that it 
is capable of permanently leaving our atmos- 
phere? 

18. Three curves are plotted, one showing 
the sun-spot activity, one the variation in rain- 





PROBABILITY 


























YY s z 
ties x M l 

distribution w rfe , 

One could extend such a list of ques 
tions indefinitely Many such, to be 
sure, can not be answered categor! 
In many cases the theory of probabilit 
teaches that there is not a single, but 
many answers; in other cases, one learns 
that the data are not sufficient, but on 
nevertheless obtains all the conclusio) 






that the given data warrant Even i 
the 


the theory of probability often greatly 






ssibl 





cases where answers are imp 









T) | 


helps to clarify one’s thinking DY pol 







ry 


ing out just why the question Is vague 
ble. 
The questions put above indicate that 






or unanswera 







' 


the theory of probability can be applied 
and this 






to many fields of investigation ; 






is indeed true. It is easy to see what i 
the general basis for this extensive 
eability. Man’s intellectual life is char 


acterized by a sequence of observations 









of things or relations, and of inferences 


These inferences fall 






drawn therefrom. 
inferences which may be 






in two classes: 











classed as logical necessities, and those 
which may not. The first sort exists 
chiefly in books on logic (or on math 
matics!) One must have exact and 
sufficiently extensive knowledge to per 
mit conclusions to be drawn by mere 
application of the canons of logic. If 
the information be not exact, or not 





sufficiently extensive, then the inferences 





which it warrants are arrived at through 
the theory of probability. When on 
‘‘A biped has two legs’’ (defir 

‘*a man has two legs’’ (exact and 







States, 
tion) ; 
sufficiently extensive information), « 






’ 






is then in a position to conclude, irre, 
that 






ocably and unassailably, man is a 
But when one says, ‘‘I measured 


times 





biped. 
the 






anda 


ten 





side of this square 
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obtained slightly different results whose about one third of our total 2 
average is 13.26 em. What is the wealth. The social significan 
area?’’; or when one says, ‘‘I am thirty- large-scale application of pr 
six years old and in sound health. How theory was recently expressed 


ong will I live?’’: or when one says, President Coolidge, who said, ‘*‘'’ 
hie 


‘“*The kettle has been put on the stove. insurance organizatio 
Will the water boil or freeze?’’—in all source of great pride and sat 


? } 


these cases one is attempting to argue to the country at large. TI 


ns ought 


from an insufficiently accurate and from stupendous force enlisted on t! 
an insufficiently extensive body of data. publie health, sound linance, 
One can not legitimately ask for the con- ernment, economic betterment 
clusion. He can merely ask (and then well-being.’ 

perhaps vainly) for the probability of lV 


— conclusions. A great branch of prot ability 
rhus it is clear that we are usually j, the body of doctrine known as 


interested in situations where our data tigties’’ which is being widels 
are not of such character as to lead to-day in many quantitative and 
directly and unequivocally to our con- quantitative fields of experience 
clusions. So the theory of probability tistical theories fall under three 
plays, whether recognized explicitly or ings: the theory of sampling, correlat 
not, an important role in a large propor- theory and the theory of dispers 
tion of our scientific and of our general he theory of sampling studies { 
activity. This will be made more clear ont and reliability of the conclu 
if we consider, even though Briefiy, SOME ashont the original source which on 
applications of probability theory. draw from a sample. Correlation 1 
studies the nature and degree of 
III sre 
relationship between measureme! 
As a first and very familiar illustra- two or more attributes. Dispersio: 
tion, we may note the application of ory is reaily a part of the the 
probability considerations to the gamble sampling, and treats of the infer 
which every man makes with death. one can draw from sets of samples « 
We all know that an insurance company cerning the homogeneity of the sou 
could not risk any considerable propor- from which these samples are drawn 


4 


tion of its assets on the life of one man. The theory of sampling, for insta: 
But so regularly and inevitably do the considers such a question as this: 
predictions of probability work out ments of fruit from a certain s! 
when applied to large numbers that the arrive, on the average, in 95 per 
income and outgo of a large insurance’ sound and salable condition. <A cert 
company are more stable and predictable shipment arrives, and a small samp! 
than the income and outgo of most com- examined and found to be 20 per e 
mercial concerns. This application of unsalabie. If examination of the w 
probability to the basic theory of all shipment is not feasible, what is a 
types of insurance is an old story to us, price? Correlation theory consid 
yet few realize the size or importance such a question as this: Universit 
of the institution of insurance. The grades and post graduation salaries 
population of our country is at present plotted for a large number of individ 
committed to pay the premiums on over uals. To what extent may a stud 
one hundred billion dollars’ worth of life who earns high grades expect a larg 
insurance alone, this vast sum being salary? Dispersion theory consid 
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a question as this: Heights are mea- 
d of 1,000 Americans, 1,000 English- 
1.000 Frenchmen and 1,000 Nor- 
ins. Does the version existing 
1 these sets of samples indicate that 
is attributable more to racial 
individual circumstances? 
It is clear that such technigq es art 
ible to a considerable r: , 
rators. The educational 
the biometrician, the g 
omie student of prices 
ids, the political conomist who is 
terested in various theories of repre- 
ntation and of voting, the doctor who 
is studying epidemics or the effectiveness 


as 


various preventive measures sucl 


noculations and vaccinations, the bal 


istics officer at the front, the 
engineer in the great 
ese must make use, at every 
theories devel ped in probabi 
in statistics. 
Vv 
Let us consider in somewhat more 
detail such quantitative sciences as phys- 
s and chemistry. First of all, quanti- ; 
ive sciences, as the name indicates, our con 
involve measurement. No human mea- 
surement is perfect, and hence all mea- 
surements involve errors; so that the 
moment any discussion involves measure- 
ment it involves the theory of probability 
in a fundamental and inescapable way. 
In fact, all questions of properly weight 
ing and combining discordant data, of 
computing probable errors or relative 
precisions, and of fitting curves, are 
questions belonging to the theory of 
‘rors. Thus all the measuring sciences 
have to come to the Monte Carlo mathe- 
matician for his indispensable assistance. 
The kinetic theory of gases is one of 
the spectacular applications of pure 
probability. Starting with the concept pletely 


¢ 
as 


of a gas as a hoard of elastic spheres, proces 
one calculates the probability of various the equations of 
sorts of collisions, and is led to a theory a planet m 


lefinite 
I 


for distribution of molecular velocities, definite 
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through the ages; but if one could sud- 
denly reverse the motion of the planet, 
it would proceed to retrace its path, 
undoing day by day just what it had 
previously done. This illustration is 
typical of all those phenomena which are 
governed by the laws of mechanics; for 
in the equations expressing these laws 
the replacement of —t for t does not 
result in any change whatsoever in the 
form of the equations. This indifference 
to a in time is not restricted 
to mechanical laws. The laws of physics 
may, in fact, be divided into so-called 
unitary laws and statistical laws. The 
unitary laws govern such unitary phe- 
nomena as the impact of two particles, 
the action of one charge on another, the 
emission or absorption of light by a 
single atom, ete. The statistical laws, as 
the name indicates, govern the behavior 


reversal 


of huge assemblies of particles, charges, 
atoms, ete. <All the unitary laws have 
the property just illustrated for the laws 
of mechanics—viz., they are indifferent 
to the distinction between —?¢ and +t. 
There has been some feeling that physics 
was, so to speak, falling down on the 
job if it could not produce satisfactory 
unitary laws, but had rather to take 
recourse to statistical laws. A statistical 
law states what will happen on the aver- 
age, while a unitary law states what will 
happen in particular; and it is natural 
to feel that the particular statement is 
much the more informed and satisfac- 
tory. Therefore, physics has been pri- 
marily engaged, up until very recently, 
in an attempt to determine unitary laws 
for all phenomena, and these unitary 
laws, as was just pointed out, work quite 
as well backward as forward. That is, 
physies has been committed to an atti- 
tude of actual indifference toward the 
question of the unidirectional nature of 
time. In the last few years, however, 
physics has grown somewhat skeptical 


concerning the probable success of its 
proposal to find unitary laws for all phe- 
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nomena. It begins to look as if the » 
fundamental laws are actually the 
tistical the probability la 


which describe the probable behavi 


laws 


large groups of units. 

We are now, at last, ready to cons 
the idea of Eddington referred to al 
He points out that statistical laws 
not indifferent to the distinction betw 
—t and +t. In facet, 
the unidirectional character of tim: 
‘‘time’s arrow’’ 
nition of the fundamental non-revers 
character of such statistical phenon 

A consideration of one of Eddingt 


he suggests 


is merely our ri 


examples will make the idea more ¢ 
If one takes a new deck of cards fron 
original wrapper, the suits are all s 
rated and the cards are in order. It 
now shuffles this deck time after 
the cards become disarranged. It 
essential feature that the shuffling is ; 
plied to a large number of cards. 
can not shuffle a single ecard; and 
more cards there the longer 
shuffling proceed without reaching « 
pletion. This shuffling process has 
moved a certain feature—viz., the ori 
nal arrangement—and it is very unlik 
that any subsequent shuffling will e\ 
reinstate the original order. Thus Ed 
dington views shuffling, or rather t 
introduction of a random element 
means of shuffling, as a truly 1 
reversible process. This non-reversil 


are, 


tistical 
velocit 
a non-! 
as a Cl 

Edd 
tempts 
as a Bf 
eoncep 


; ‘yaar view. 
ity of the process is a characteristic oii 


phenomena relating to a large num! & met 
of unitary elements or events. Unitar grave 
processes, we have seen, go backward Wheth 
well as forward; but the shuffling of 
statistical ensemble goes only forwar 
If this introduction of the shuffled char 
acter or random element into the mat 
rial world is a process which ean 01 
proceed forward and never backward 
then it furnishes us with a criterion f 
the forward passage of time. For e: 
ample, suppose one has two instant 
neous photographs, A and B, of a pa 


a soun 
interes 
for it 

nifican 
physie 
eratior 


Mod 
the fu 
and e 
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universe, taken at two different 
instants, t4 and tg. If photograph A 
shows a more shuftled universe than does 
BR. then one concludes that t, is a later 
nstant than tg. The illustration would 

a better considered not 
snapshots but moving pictures, for we 


one if we 


should by rights consider shuftledness of 
locities as well as disarrangements of 
The picture 


sitions. moving also 
tial that we be dealing with a statistical 
situation shuffled rather 
than with a unitary process which can 
not. Thus, if one had a moving picture 
of a single swinging pendulum, he could 
not possibly tell whether the film were 
being run through normally or in the 
reverse direction; but if one had a pic- 
ture of a swimmer diving into a pond, 
he could tell at once whether the direc- 
tion of the action be normal or reversed. 
The criterion for this judgment should 
not, in fact, be the motion of the swim- 
mer’s body, for it is conceivable for him 
to be propelled up out of the water. But 
the motion of the ‘‘splash’’ and the sta- 
tistical shuffling of the positions and 
velocities of the water particles—this is 


which can be 


a non-reversible process which can serve 
as a criterion. 

Eddington develops this idea and at- 
tempts to make such considerations serve 
as a sole and satisfactory basis for our 
eoncept of ‘‘time’s arrow.’’ Such a 
view-point is probably unsatisfactory to 
a metaphysician and is attended by 
difficulties for the physicist. 
Whether or not the idea turn out to be 
a sound one, it is, nevertheless, of great 
interest to us in the present connection, 
for it indicates fairly the sweeping sig- 
nificance which is assigned by modern 
physical theories to probability consid- 


grave 


erations. 
VI 
Modern quantum theory with 
the fundamental questions of absorption 
and between 


deals 


emission reactions atoms 


and radiation, making use of 
mechanies of de Broglie, 
and Heisenberg, and the 
erful and more abstract 
theory of Dirac 


probably constitutes 


and others 


ing attack man 
delicate and minut 

The theory is, in its present) 
form, essentially statistical in 
using probability concepts as 1 
its. It 


nithar 
IS neltne!l 


mental conce 


| 
nor possible to attem 


pt to trace nere 


detail just how these probabi 


considerations enter, but it 
that they do enter In fact. 


scopic unitary processes of na 


any 


as the motion of a single electro: 
proton, the 
light by a single at 


tween 


emission or absorpt 


two particles, 


the Schroédinger 
evaluating at every point of space and 


scheme 


follow ing 


at every time a certain ‘‘wave fun 


tion’’ psi. In the early stages of the new 
theory, physicists everywhere clamored 


+r ] 
urned 


to know what psi was. It has 


out that, say in the problem of the col 
lision of two particles, the value of 
this 
point and at time ¢ is the measurs 

probability that one of the particles be 
‘*at’’ this point. 


is of 


square of wave function at 


This simple statement 
significance as re 
fend- 


We are all well aware that statist 


overwhelming 
gards the general thesis we are de 
ing. 
eal discussions lean heavily upon 
bility theory. But we are apt to thi 


discussions as having a seco} 


of such 
dary significance. Behind the 
eal or average behavior we have 
think of the unitary processes; 
lave viewed these unitary processes as 
strictly open-or-shut affairs, with which 
probability has no concern 
that we 


It appears 
have no modern 
All thess 
t to chance. Wh: 


a particle collides with a second, we can 


support for 
this feeling. unitary process 


are themselves subjec 
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not say, with contented and smug satis- 
faction, that the particle will after ¢ 
seconds be in a certain definite spot. 
We have to content ourselves with saying 
what is the probability that it will be 
at the spot in question. One can, if he 
likes, interpret this as a failure of our 
attempt to find a unitary law; or he may 
merely say that the unitary law is itself 
to be phrased in the language of proba- 
bility. That is an unessential matter of 
mere terminology. The inescapable fact 
is that every process that comes prop- 
erly under the purview of physics is an 
experiment in probabilities. It means 
that quantitative science is a giant game 
of ecards, and that the sort of mathe- 
matics which is most fundamentally ap- 
plicable to nature is the old unsavory 
Monte Carlo mathematics. 
Vil 

Thus we have seen that the theory of 
probability furnishes working tools for 
many branches of science, the fundamen- 
tal concepts for others. It seems impos- 
sible to escape from this mathematical 
goddess of chance. When one says that 
he thinks that he will be here to-morrow, 
the theory of probability bears on the 
remark from a good many angles. There 
are, first, the obvious chance events that 
might conspire to make it possible or 
impossible for him to be here. But the 
matter goes deeper than that. Let us 
examine the various phases of this asser- 
tion ‘‘I think I will be here to-morrow.’’ 
‘*T think’’—the theory of probability 
has contributed so much to the subject 
of the logic of inferences that one might 
well say that the theory of knowledge 
itself rests in considerable part on 
probability theory. In fact, Laplace, the 
great master of this art, said in the in- 
troduction to his ‘‘Théorie analytique 
des probabilités,’’ ‘‘Strictly speaking 
one may even say that nearly all our 
knowledge is problematical; and in the 
small number of things which we are 


able to know with certainty, ev 
mathematical sciences themsel\ 
tion and analogy, the principa 
for discovering truth, are 
probabilities, so that the entir: 
of human knowledge is connected 
this theory.’’ ‘* Will be to-m 
well, we have spoken of the ¢ 
between probability and the e 
the forward flux of time. ‘‘He 
only the theory of measurement « 
one the difference between jh: 
there. And finally, the theory 
bility, as the human biologist 

sist, has a good deal to do wit 
**l’? am. To each human being 
out, from the two parents, twe 
pairs of chromosomes. Using th 


eight biological units, one can | 


a number of combinations which is 


thing over ten million times a 
million; and all the various genet 
lations in which these charact 
influences may be passed on are s 
to the laws of chance. In fact, ac 
to Guyer, ‘‘The law of probabilit: 
fundamental principle around 
biometrical investigations revol\ 
we wish to push further back th: 
immediate parents, and if we fo 
the realm of sober science, then ] 
bility plays a more whimsical r 
determining what ‘‘I’’ am. If eg 
grandfather William had only 


along his umbrella, he would n 


‘ 
been soaked in that sudden cold sh 
and ‘‘I’’ would be a different ‘‘I,’’ 
no scar tissue on my lungs. If g 
great-great-grandfather Jonathan 
only stumbled onto the right pat! 
stead of the left, that famous tim 
wandered home drunk, Elizabeth w 
never have known, the engage 
would not have been broken, and 
would likely be tall and handsome, | 


and blue-eyed. 
VIII 
Thus at our birth and at our d 
in our moments of whimsical fancy 


’ 
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ur most serlous moods oO! 
scientific contemplation 
probability plays a ba 
ls it natural to 
ere IS any escape 
chance It seems 
damenta 

eak of the 

d law are 

ncepts We 

re than a mere 

ance is not only 
ir shoulder ready 
he 


all our’ trusted 


ent. but is also t 


schemes of SC1TeIICE and wi 


escape from this specter 0 
present devil shaking dice 

A few vears ago | think the 
is question was **Yes.’° Ws 


at events were reckoned as 


vents merely because the 


auses were so manv and so 


that man's intelligence had no 


~ . 
heen able TO ettect a complete i? 


Thus the tossing 


f a coin Was a | ance event WI VY Was 


ta chance event No one di ubte d that 


rationalistic analysis 


mechanics possess 


I 
me Thoug 


the equations ol 
unique solution Every « 


that if we were but clever enough wi 
could make a complete InalVSIS of all 


the intricate features ot muscle 
hand, weight, form. air 


Tenslol 


position in the 
tossing of 


resistance, ete.. so that the 


coin would be elevated from the unr 


spectable level ot chance events To 
sacrosanct classification of good old 


-and-effect phi 


sober. logical. CHOLISE 


nomenon. 
The present view should be, I think 


that this tyranny of chance, this reign 
if probability, is both all-inclusive and 


inescapable 

There are two main reasons why we 
Can not see, at present, any probable 
relief from probability In the first 
place, we have just mentioned that, on 
the older view, one always had the hope 


PROBABILITY 
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observed The observation itself, more- phenomena can be 
over, has an effect on the thing observed; . processes, or to ask 
and it turns out that it Is never possible unitary processes ar 
to recks exactly what this effect has cal in nature To 
heen this be true is 

It has not yet been made clear why tional sense, meaning 
this principle of indeterminism Is lmpor that we seem condemned 
tant to The present argument The tisticalls Whether 
reason is this. When one measures with plaving a giant game ¢ 
a certain accuracy the position of a vational spectacles 
particle to be thus and so, we have said always see her doing 
that he can not also measure the velocity Science does not la Low rel 
to be exactly thus and so. The facet is decrees, but is governed, rather 


that he can merely measure velocity anda Trotsky Ss principle ota permanent 


then conclude what is the probability — lution It is contrary to th 


{ 


that the velocity is thus and so. For cumulation of scientific experien 


example, if the position be measured that a position, occupied by scie 


with perfect precision, one would have day, represents an ultimate and px 


to content himself with the statement nent position There may be 


that all values of the velocity were just around to-morrow’s corner 
equally probable. This principle thus and clearer view-point whic! 
means that such is our relationship with validate the present position I} 
the external world that all our data are present position is, | believe, her 
of necessity probability data. This is stated. The first part of tl 

the most fundamental consideration we century (and we know 

have listed If this be true, then it is more) should be known 


unimportant to ask whether or not all probability 





LUNG-FISH 


By Dr. HOMER W. SMITH 


adapted 
air and 
hame Dipnoi 
in them becau 


character and 


paleontologist because they are 


egling survivors of an archale group 
shes which plaved an in ‘tant part 
he story of evolution (Once numer 
and widely distributed in the fresl 
‘rs of the Paleozoie continents, they 
reduced to-day to Epiceratodus of 
\ustrahia, Lepidosiren of South America 
d Protopierus of Africa Protopte rus 
es in the River Gambia. the Congo 
the rivers and lakes of equatorial 
Africa There are three species 
resemble eacl l * very Closely 
Protopterus looks like an eel, and in 
aquatic phase Ife it lives very 
wh lke any other fi ‘pt that i 
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respiration is carried on. So tightly is room temperature. At the 
the lung-fish encompassed by the cocoon — to fifteen months a few 
and adjacent mud that there is not the disinterred for plhysiolog 
slightest room to move; it is Just as effee Since we did not wish 
tively imprisoned in the hard mud as’ we did not put the estivat 
though it were buried in’ concrete into water, but instead ¢: 
There is probably no other animal inthe away the rock-like walls of 
world that becomes completely immobil removed the animal wit! 
ized for such long periods of time. turbance as possible. Thi 
There is no possibility, of course, of ob in a state of profoundest sleep 
taining food in its mud prison, and it is” tion. This sleep was not dis; 
forced to live upon such fat as is stored handling them, and they could | 
in its body and upon the body tissues a metabolism chamber for days 
themselves without awakening When p 
The natives of Africa like to eat the water, however, they are Wake} 
lung-fish. They catch them in nets in~ few hours, probably by asphys 
Lake Victoria and in basket traps in the they are unable to breathe wit! 
swamps and streams. What is probably to the surface for air. The sleep 
the largest lung-fish on record was _ parently of a nervous rather thar 
caught by native fishermen in Lake Vic- cal origin and appears to be ind 
toria. This specimen is preserved in the the prolonged immobilization 
Nairobi Museum of Natural History. It mal in its rigid prison. We 
is seven feet long and has a head, if all the higher animals sleep at s 
memory serves us, Which must be twelve and that this sleep has com: 
inches across. This fish was probably period of physical and nervous 


over one hundred years old. During the is necessary for continued he: 


dry season the natives also dig the esti- activity. This is probably tr 


vating fish out of the mud. They search animals. We know that insect 
the water-courses and swamps for the sometimes so profoundly that 
burrows, and thrust a stick into every be picked up without being 
suspicious looking hole. If the end of while other animals, sueh as wild 
the stick smells of fish on withdrawal, mals, birds, ete., sleep so light! 
the helpless victim is disinterred. they are usually alarmed into ful 
In years past numerous small speci- ity by our approach. There are pos 
mens of estivating lung-fish have been some fish that sleep while sv 
dug out in Gambia with the mud _ nest mackerel), but others hid 
intact and shipped to England, Germany stones, among grasses or ben 
and the United States. Some of these sand during parts of the day 
have been awakened from estivation by and remain physically inactiv: 
immersion in water, and kept in aquaria siderable periods of time. 
for vears. It is obvious that certain con 
Through the favor of the John Simon’ are usually necessary for sleep 
Guggenheim Memorial Foundation we higher animals, such as the abser 
collected a number of active lung-fish unusual sounds and_ other 
from Lake Victoria during the summer stimuli. But there are also imp 
of 1928 and brought them alive to New internal factors that may work 
York. Some of them were induced to to induce the sleep. It is not 
enter into estivation by placing them in to what extent this condition is 
mud which was allowed to dry out at 1 Jou f Biol. Chem., 1930, 88: 97 
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fraction constitutes about four 
if the total 


starved lung-fish 


metabolism of the 
During estiva 


creased, not abruptly, but gradually and 


on this residual metabolism is 


apparently in proportion to the develop 
Stored fat and tis 
the 
enance of life, and as these fuel-stuffs 


ment of emaciation 


sue must furnish energy for main 


ire burned the fasting animal loses con 
siderable weight about 95 cent 
at 


hich the body fires burn decreases as 


per 


Since the 


during the first year. 


rate 


he animal becomes more and more ema 
ited, it appears that an additional and 
ual amount of tissue will last at least 
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teins, ete.. which are normally exereted 
by the higher animals as fast as they are 
formed, are allowed to accumulate in the 
blood and tissues. Urea is the most im 


portant of these waste products and 
this substance accumulates in the body 
in relatively enormous concentrations 
When the lung-fish is returned to water 
and resumes active life the accumulated 
the 


kidneys and gills, about twelve to fifteen 


metabolites are discharged through 


days being required for their complete 
excretion. 


The coneentration of urea in the esti 


vating lung-fish rises to values (2 per 


cent. of body weight or better) greater 


than are known to occur in any other 


animal except the sharks and skates. In 
these the urea is an integral part of the 
blood and plays an important physio- 
There is, nevertheless, no 


logical role. 


evidence that the lune-fish is poisoned by 


the ‘‘uremic’’ state that oceurs during 
estivation. It is well known that urea 
itself is not very toxic, and apparently 
any other injurious metabolites which 


might be quickly excreted by other ani 
mals are converted by the lung-fish into 
innocuous substances. 

All things the 
appears to rank among the hardiest of 


considered lune-fish 


living creatures. Protopterus can sur- 
foul 


which rises above 


pools the temperature of 
100° F. 


are completely 


Vive in 
in the tropic 
indepen 
the 


they can live 


sun, and they 
dent of the respirable quality of 
water in which they live; 
for long periods without food and with 
complete cessation of kidney function; 
and though they can not live for more 
than a few hours under water, they can, 


paradoxically, live out of water—and 
without water—for months or years 
The way in which the lung-fish uses 


THE SCIENTIFIC 





MONTHLY 


its lunes during the 


airy SCHS 


the probable circumstances und 


air-breathing was first evoly 
fairly certain that air-breat 
practiced by fishes lone befor: 


for crawling 


The 


legs 


of efficient 


had appeared first 


were apparently the ganoid fishes M 
lived in the early Devonian per ) 
has been concluded from sever; st 
evidence that climatic stress p! | 
principal role in this hnportant Tiny 
tionary step. The period in DO 
first air-breathing vertebrates 
evolved was characterized by ve) SS 
conditions, broken only by Tes 
rains. The marked alternation Ondy 
and dry seasons caused the on t 
fresh water on the continents n? 
spread at flood time, to shrink - 
come foul dus iy tee ensuing ar 
The fishes trapped in the pools I 
forced to make erecter and er 
of air. Thus t! rst lungs can soul 
existence as adaphations to meet it 
difficult climatic conditions TI 
one branch of the Devonian fishes 1 Niu 
lunes were passed on to the ancest iste 
his 


the terrestrial vertebrates. and 


another branch to the higher fishes 
the latter have, for the most part bs 
the air-breathing apparatus fall int 


use, and in most of the moder 
only a vestige remains in the clos 
air-bladder, or it has disappeares ke 


the lung-fish, howeve) 


primitive lung persists as sucl 


tirely. In 


may Imagine that the surviving n 





of this group use it In much 
way as did their Paleozoic ancestors 
this the life habits of thes 


show the vertebrates we} 





view, 
us how 


from an aquatic life and set 


terrestrial evolution 
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THE TOTAL ECLIPSE OF THE SUN 
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marin “7 Dr. S. A. Mitchell, director 


SAMOAN | Leander MeCormick Observaton 
PACIFIC ISLANDS || ,. See ne ae eg 
University of Virginia, was sci 


OCEAN director of the party, and in 


charge of the spectrographiic 





the flash spectrum. The per 
AFou Isvanp the expedition was further n 
the following scientific men: P 
R. W. Marriott, of Swarthmore ¢ 
in charge of the large-scale photog 


work on the sun’s corona and 





photographs for the further 








Vontl Evenis . lap the Einstein effect: Dr. J. .J 
rHE PATH OF THE TOTAL SOLAR of the California Institut 
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STICCeSST UI expedition To lloilo. P & mn tions: Dr Weld Arnold ol 





May of last vear. Lieutenant H. C can Geographical Societ: Mi 


Kellers. of the Medieal Corps, was placed Sharpless, of the Naval Observat 


in charge of the health of the expedition and Mr. H. Fales 
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NIUAFOU ISLAND 
N THE SoutTs Paciric OCEAN FROM WHERE THE ASTRONOMICAL OBSERVATIONS 


pace 
IS OF VOLCANIC ORIGIN AND ABOUT THREE MILES IN DIAMETER. : 


TwerT 
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SCENE NEAR THE 


arrying out the extensive program 


of observation; Dr. T. A. Jagear, of the 


Hawaiian Voleano Observatory, accom 
panied the expedition To study the vol 


nic «and = seismic conditions There 


Was a serious voleanic eruption about 
two years ago, and such eruptions are 
said to occur about once in fifteen vears 
A New Zealand party of six astronomers 
joined the expedition on the island 

In addition t the seientifie staff 
eleven enlisted men of the Navy and 
Marine Corps assisted in construction 
work and in taking observations These 
men, selected from the personnel of the 
Battle Fleet, sailed from the Mare 
Island Navy Yard aboard the mine 
sweeper Tanager on June 25 and ar 
rived at Samoa on August 9. Enlisted 

‘n included a rigger, an optical repair 
nd instrument man, a carpenter to con- 
struct large cameras, an expert photog 
rapher, two general assistants, two 
radio operators, two cooks and an inter- 
preter. 

About 115 boxes and cases of scientific 
instruments and equipment were con- 


veyed to the island, besides camp equi- 


page and food supplies sufficient for 
twenty men for sixty days and about 











POST OF OBSERVATION 


8.000 board feet of umber 
struction of various cameras 
est of these camer: 
of sixty-five feet 
graphie develop! 

The objectives 
cluded the follow) 
eraphs including 
spectrum ; a series ol 
inner corona with 
of the middle and 
smaller cameras, moving pictures ot 
whole eclipse, including partia 
and totality, a special series 
graphs of the star field near the 
the corroboration of the Einstein effect 
a series of photographs for photocenti 
determinations of the light of the coron: 
and observations for the times 
tacts and of the shadow bands 
latitude and longitude were mor 
curately determined, and meteorologic 
voleanologieal, seismological 
and botanical data were secured as 
products 

The brief period for astronomical 
servation made it necessary Tor the 
serving parties to rehearse every 
ment with great care in advance 


eclipse 
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FLORIAN CAJORI 













» deat! ol I: orian 4 ajyori, oF the 
America as 


distinguished co 





versity of ¢ alifornia 
st one of 1tsS most 
butors to the history ol 
MONTHLY had the 


articles by im. the 


sclence 


SCIENTIFI privilege of 


nting mans 
being on Johannes Kepler 1! 


These 


May number of the 


In an article printed in Science Pro 


i 


preset t veal 


ssor David E. Smith states that Cajori 
is born at St. Algnan, near Thusis 
Graubtinden Switzerland, on Febru 
ivy 2S. 1859, and came to the United 
States at the age of sixteen Enter 


ing the University of Wisconsin, he re 


ce ived the devree ol B >. In 1Sa3 spend 


ine the 1lss4 
work at the Johns Hopkins Hi 


year 1885 in graduat 


then 


went to Tulane University 1885 as 


assistant professor of mathematies, be 
coming professor of applied mathematics 
later 
went to Colorado College as professor o 


chair 


L887 In 1889 he 


two vears 


I 
taking the 
of mathematics 1918 
ing dean of the department of engineer 
ing 1903-1918 these 


years he paid particular attention to the 


physies, subsequently 
1898 and becom 


During all 


history of the subjects of his major mn 
terest, and in recognition of his work in 
this field he was called to the University 
of California in 1918 as professor of the 
title 
This 


position enabled him to devote his time 


history of mathematics, a unique 


either in this country or abroad 


largely to research and writing, and the 
result amply justified the action of the 
university in creating the position, and 
his own decision in accepting it 

Forty vears elapsed from the date of 
the publication of his ‘*Teaching and 
History of Mathematics in the United 
1890) to the when death 


the 


States”’ time 


compelled him to lay aside work 


to complete an 


Dur 


which he had 


edition of Newton’s ** Principia 


hoped 
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britain from Newton to W 
house 1919), **The Ear 
ical Sciences in North and S 
America’ 
Career 0 
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States ( 
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Super 








‘oast Surve 






work bv which he 


bered de 










Notations’” (2 ve mes, LOPS. 74V29 
His work was duly recognized 
learned socreties al hy 7 w 
and universities Ile was a memb 
the American Mathematical Society. th 





Asso latiol al Ay Cl 
Mathematiker-Veren 


Mathematica 

the Deutsche 
eung th \| 
the America 





themat 





England 







Arts and Sciences and tl An 
Association for thi \dvancet t 
Science, holding offices in at st tw 
these societies at s honored | 






cit vrees © 


University of California 1912 









Colorado College 1913 in Se 1) 
Wisconsin, 1913 As tl ling 
torian of mathematics this « nt) 
his loss will be deep felt b 

have an interest nT Sl 1 

f learning 
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DR. ARTHUR HARDEN 
PROFESSOR OF BIOCHEMISTRY AT LONDON UNIVERSITY AND HEAD OF THE DEPARTME)? 
CHEMISTRY AT THE LISTER INSTITUTE, WHO SHARED WITH PROFESSOR HANS VON 
NOBEL PRIZE IN CHEMISTRY FOR 1929, 
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GEORGE WESTINGHOUSI 


1 


S46 


THE GEORGE WESTINGHOUSE MEMORIAL 


ALTHOUGH not primarily a_ scientific n 186] 
vreat creative and 


man, for it is as a 
constructive genius who rendered com 
mereially practical and beneficial to 
humanity the scientific developments of 
himself and of others that he won his 
greatest recognition, George Westing 
house was a pioneer in many scientific 
fields. 

The George Westinghouse Memorial, 
recently erected in Schenley Park, Pitts 
burgh, and dedieated in October. depicts 
six of Mr. Westing] ouse’s most notable 
achievements, thoug! 


Hie pate ited over 


100 inventions 
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THE GEORGE WESTINGHOUSE MEMORIAL IN SCHENLEY PARK, PITTSBURG! 
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railroad facilities of to-day But the 


struggle to obtain for his great inven 


e 
te 


tion the recognition it deserved and the 


al sueeess of this fight against almost 
verwhelming odds shows the courage. 
the perseverance, the organizing ability 
; 


George 


and the unquenchable spirit o 
Westinghouse. In 1868 he founded the 
Westinghouse Airbrake Company — to 
manufacture and sell the airbrake 

In 1870, Westinghouse designed 
nd built a jet steam turbine In the 
same vear he traveled to Europe to be 
vin a ten-year crusade in England and 
on the continent to establish his railway 
safety appliances. In 1873 he designed 
nd built the first automatic central 

ephone exchange, which was, unfor- 


nately, a seore or more vears ahead ot 


le — 
oy ~ 
> 


—_ ft 








rik MEMO] 


The TIES 
principle ot 
the pneumatic 


Slgnals, operated 


His mind 1 
up in blue po 
period of his 
experiment yo 
America 
condition 


half hol 


SN 


The vear 1880 s 


nventive acti 


and return to 


In that vear the 


Company (late 
ent Westinehor 


iT 


reat 


IN¢ 


W 


facturing ¢ ompany 


Pittsburgh for 


the 


ll 





stinghouse Nac } 


vanized as the 


iectrie and 


Mam 


was founded 


anutacture 


? 
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speed engines designed by H. H. West 


inghouse, George’s brother The next 


vear the Union Switch and Signal Com 
pany, of Pittsburgh, was formed for the 
production of the pneumatic switch and 
signal. 

The almost unlimited supply of nat 
ural gas located in the hilly country of 
Western Pennsylvania was seen by the 
alert inventor to be of potential value 
to industries and homes if it could be 
piped to consumers With his custom 
ary, lightning-like thoroughness it was 
but a short time after finding a use for 
vas that he had perfected a complete 
system for transmitting gas through 
pipes, invented a meter for measuring 
consumption and organized companies 
to distribute this gas 

The year 1885 marks a new era in the 
life of Westinghouse; in that year he 
began investigating the little-explored 
realm of electrical application, and de- 
cided that alternating current, then far 
from the practical tool it is to-day, would 
provide the solution for the problem of 
the efficient and flexible transmission of 
power. He purchased the transformer 
patents held by the Englishmen, Gaulard 
and Gibbs; and in 1886 he organized the 
Westinghouse Electric Company for the 
manufacture of electric lighting appa 
ratus. He then engaged Nicola Tesla, a 
young Kuropean scientist of creat talent. 
who, in collaboration with Westinghouse, 
developed the alternating current in- 
duction motor. 

As the champion of alternating cur 
rent, Mr. Westinghouse met hostile and 


stubborn opposition 
table character finall 
the advantages of th 
Lighting the Chicago 
construction of the world’s 
electric plant at Niagara F; 
sign of the early street 
production of the first 
tive stand as milestones 
he trod as lhe 
electrical industry 

To his well-filled record 
ments were added the first 
steam turbines in 1898: the 
the British Westinghouse Co 
Manchester, England, and 
tion of the steam turbine to 
In collaboration Wl 
George Melville, U. S. N.. an 
Mac Alpine, inventor, in 1904 
development of the air spring 
mobiles in 1910; made a s 
stallation of reduetion 
United States collier. Ve 
the vear ol hi ath, 1914 
final honor of having his reduct 
selected by the United States 
installation in two battles! 
machinery was chosen in pref 
any other offered 

In 1914 death eut short 
search and further achievem« 
of the foremost contributors 


ica’s industrial supremacy. T 


N 


knew him best as a remarkabl 


trialist and a developer ol 
but, in addition, admired and 


him as an engineer, invent 


ot sclence., 





